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lo metabolico directo 


‘mido contiene 20 microgramos 


GLAXO 


WWORATORIOS GLAXO (Argentina) S.A.C.e 1 


La L-triiodotironina es probablemente. 
la etapa final de la hormona 
tiroactiva. 


— De accién directa en los 
procesos metabdlicos celulares. 

— Constituye un tratamiento 
seguro y facilmente controlable 
de los estados 
hipometabolicos y de la 
obesidad, dismenorreas, 
insuficiencia metabdlica 
de la vejez, etc. 


Posologia: 20 a 60 microgramos 
repartidos en dos o tres, tomas -diarias. 


Presentacién: frasco con 50 
comprimidos ranurados (cada compri- 


de L-triiodotironina sédica ). 
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Nuevo! 


ianabol 


El mas potente anabolico 
activo por via oral, 
creado hasta el presente. 


Promueve la sintesis proteinica 
y el deposito de calcio, a dosis 
exentas de efectos gestagenos 
y virilizantes, 


Comprimidos con 5 mg 
Gotas con 1 mg/cm® 
Ampollas con 10 mg 
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SANDOZ presenta 


primer preparado de oxitocina sintética 


El Syntocinén no contiene 
vasopresina, no provocando por 
lo tanto modificaciones tensionales 


clinicamente significativas. 


Presentacién: Cajas de 3 ampollas PM 5 U.I. 
Cajas de 3 ampollas de 10 U. I. 


Envases para hospitales: 50 ampollas de 5 U.I. y de 10 U. I. 


ALTAS 
CONCENTRACIONES 
PARA TRATAMIENTOS 
INTENSIVOS 


vitamina E sintética - acetato de DL-a@ - tocoferol 


COMPRIMIDOS de 200 mg. 
AMPOLLAS de 300 mg. 


OTRAS PRESENTACIONES: 


COMPRIMIDOS de 10 y 50 mg. 
AMPOLLAS de 30 mg. 
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BOEHRINGER ARGENTINA 


isa 


Hora del desayuno 
Horade NADISAN 


Hoy en dia, 

muchos diabéticos, 
afortunadamente, 
son capaces de 
controlar su 
enfermedad con una 
sola dosis diaria 
de 1-2 comprimidos 
de NADISAN 
(ingeridas preferentemente 
en el desayuno), 


NADISAN tiene 3 


importantes ventajas: 


su efecto se 
mantiene hasta 
el dia siguiente, 


es particularmente 
economico, 

tiene una excelente 
tolerancia 
demostrada por 
cinco afios de 
experiencia. 


NADISAN 
Comprimidos de 0.5 g. 
para el tratamiento 
oral de la 

diabetes mellitus. 


S.A. - S.DE BUSTAMANTE 68 - Bs.As. 
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DISEL 


Rinitis agudas 


Sinusitis - F aringitis 
yen 


Rinitis alérgicas 
o inflamatorias 


DISEL 


HIDROCORTISONA 


No producen 
irritacion. 


Los rinofaringeos 
mas completos 
para uso de nifios 
y adultos. 


Actividad muzcolitica 
elevada. 


Hidrocor tisona Ambos productos 
EN SOLUCION. también preparados 


para uso infantil 
cm’. 


LABORATORIOS ANDROMACO 


Av. Ing. Huergo 1139-51 Buenos Aires 


PRESENTACION: Envases - pulverizadores 


No interfieren el 
movimiento ciliar. 
cde 10 


una obra maestra 
del progreso antibiético... 


actividad antibiética mucho mayor 


LEDERMICINA (demetilclortetraciclina Lederle) posee de 2 a 4 veces, 
la actividad de la tetraciclina contra los organismos susceptibles. 
Proporciona niveles significativamente mas elevados de actividad sérica. 


con dosis antibiéticas mucho menores 


LEDERMICINA revela la proporcién mas elevada de nivel prolongado de 
actividad respecto a su ingestién diaria en miligramos. La disminucién 

de antibidtico ingerido hace que disminuyan las probabilidades 

de efectos adversos en la mucosa intestinal o los de la interaccién con 
el contenido gastrointestinal. 


ataque antimicrobiano maximo y sostenido 
EI alto nivel de actividad de LEDERMICINA se mantiene constante 


todo el tiempo que dura el tratamiento, merced a su mayor estabilidad en 
los liquidos organicos, resistencia a la degradacién y lenta excrecién renal. 


de actividad para proteger contra la recidiva 
LEDERMICINA m§ntiene su actividad durante uno o dos dias 

después de suspenderse la dosificacién. Da muestras de extraordinaria 
eficacia y seguridad contra la recidiva de la infeccién primaria 

o de invasiones bacterianas secundarias - dos factores que, a menudo, se 
asemejan a “problema de resistencia’’. - 


Presentacién: 
Frascos de 8 y 16 capsulas de 150 mg. 


nueva y exclusiva 
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Demetilclortetraciclina Lederle 
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Marca reg. de Clorhid. de Fenformina 


el agente hipoglicémico oral 
de “amplio alcance" 
... reduce con seguridad el azicar 
sanguineo en la diabetes ligera, 
moderada y grave, en nifios y adultos 


Venta, distribucién y atencién del cuerpo médico 


La norma de “jempiece despa- 
cio! jvaya despacio!”’ en el uso 
de DBI, permite a un nimero 
maximo de diabéticos disfrutar 
de la comodidad, bienestar fi- 
de la terapéutica por via oral 
en casos de: 


diabetes del adulto, estable 
diabetes inestable (labil) 
diabetes juvenil 

diabetes resistente a la 
sulfonilurea 


“:Empiece despacio! jvaya des- 
pacio!”” Significa dosis inicial 
pequena (25 6 50 mg en dosis 
fraccionadas, por dia) con au- 
menos pequefos (25 mg) cada 
tercer o cuarto dia hasta que 
los niveles de aztcar sangui- 
neos quedan regulados adecua- 
damente. La inyeccién de _ in- 
sulina se reduce gradualmente 
al par que se aumenta la do- 
sis de DBI. Con DBI solo se 
logra generalmente dominio sa- 
tisfactorio de la diabetes esta- 
ble ligera.* 


Con la norma “jempiece des- 
pacio! j; vaya despacio! 


Mas de 3000 diabéticos someti- 
dos a tratamiento diario con 
DBI se han estudiado cuidado- 
samente por periodos. varios 
hasta de tres anos. No se no- 
taron cambios histolégicos ni 
funcionales en el higado, san- 
gre, rinones, corazon ni en 
otros organos. 


DBI (N!-6-fenetilbiguanida) se 
ofrece en tabletas blancas, ra- 
nuradas, de 25 mg cada una, en 


frascos de 30 y 100. 


* Nuestros representantes en ca- 
da pais enviaran, asolicitud, un 
libreto con instrucciones com- 
pletas sobre la dosis para cada 
clase de diabetes y demas in- 
formacion pertinente. 
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A CONDITIONED REFLEX WHICH REPRODUCES 
THE HYPOGLYCEMIC EFFECT OF INSULIN 


R. ALVAREZ-BuyLLa and J. CARRASCO-ZANINI 
(Laboratory of Physiology, Instituto Nacional de Neumologia, 
“Gea Gonzalez”, Tlalpan, México, D. F.) 


Me publications deal with the 
problem of the homeostasis of 
glucose. The role and mechanism of ac- 
tion of insulin in this homeostasis has 
been studied extensively. In spite of 
this, De Witt Stetten (1957) has recent- 
ly reached the following conclusion: 
“the mechanism of insulin action is 
today, as far as I am aware, completely 
unknown”. 

The present knowledge of the role 
of the nervous system in the regulation 
of this homeostatic mechanism is still 
very limited. 

With the use of the method of the 
conditioned reflexes of Pavlov, the pre- 
sent study was performed, in order to 
gain knowledge about the role of the 
nervous system in the neuro-humoral 
integration of glucose homeostasis. 


METHODS 


The experiments were carried out 
in dogs in a chamber for the study of 
conditioned reflexes described in detail 
in a previous publication (Alvarez- 
Buylla, 1950). The animals used were 
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mongrel dogs of both sexes and of dif- 
ferent weights. The injections of insu- 
lin (Lilly) or saline solution (NaCl 0.8 
per cent) were controlled from outside 
the chamber, in order to avoid other 
stimuli at the time of the injections. 
The intravenous route was chosen for 
the injections, using a_poly-ethylene 
tube, previously inserted into one of 
the hind-leg veins of the animals, un- 
der local anesthesia. This tube was 
used also to obtain the necessary blood 
samples for the determination of glu- 
cose concentration. In order to avoid 
the formation of thrombi, the tube was 
filled with a solution of heparin (Hoft- 
man La Roche) when not in use. 

The glucose concentrations in the 
blood and urine were measured with 
the Folin-Wu_ photocolorimetric me- 
thod, At the end of every experiment 
each dog was given 500 cc of saturated 
sucrose solution for the treatment of 
the hypoglycemia. 

A number of preliminary tests were 
made to determine the correlation bet- 
ween the dose of insulin injected and 
the degree of hypoglycemia obtained, 
in order to establish an adequate dose 
of insulin for the experiments. 
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‘There was a wide variation in the 
elfect on the blood sugar of any given 
dose of insulin. It was not possible to 
outline with precision, the temporal 
course of the blood sugar changes. The 
dose of insulin was always the same 
for each animal, but varied for dit- 
ferent dogs between 1 and 50 units 
per kg of body weight. There was also 
a wide variation in the initial blood 
glucose concentrations. The magnitude 
of the hypoglycemic response was re- 
lated to the initial blood glucose con- 
centration; greater reductions were as- 
sociated with higher initial values. The 
correlation coelflicient between the ini- 
tial value and the reduction in blood 
glucose concentration, was significant, 
(r = 0.613; P 0.001). This correlation 
disappears when the fall in blood sugar 
is expressed as a fraction of the initial 
values (1 0.290; P 0.05). 

The electrocardiograms (EKG) were 
recorded using standard lead II. A 
pneumograph placed around the tho- 
raco-abdominal region served for re- 
cording the respiratory movements. 
The injection of massive doses of insu- 
lin produced, in addition to hypogly- 
cemia, tachycardia, inversion of the T 
wave of the EKG, tachypnoea, saliva- 
tion, vomiting, sphincter release, and 
muscular twitches, which first were 
clonic and later became tonic-clonic. 
On some occassions there appeared 
spastic muscular contractions. At the 
final stage the dog entered into a state 
of coma, appearing inert and complete- 
ly unaware of its surroundings. No cor- 
relation could be observed between the 
blood sugar levels and the magnitude 
of the other reactions which occurred 
during the hypoglycemic shock. 

The pancreatectomies were pertor- 
med aseptically under sodium pento- 
barbital (Abbott) anesthesia. The dogs 
were nursed for three or four days after 
the operation. 

Before attempting to establish any 
conditioned reflexes, preliminary con- 
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trols were performed on each dog to 
ascertain that the stimulus to be con- 
ditioned, sound of a bell, metronome, 
etc., did not produce any changes in 
the concentration of blood sugar. ‘The 
special details of the method employed 
in the different experimental series 
will be described together with the cor- 
responding results. 


RESULTS 


A) The hypoglycemic conditioned re- 
flex in normal dogs. 

In a group of seven dogs which re- 
ceived as the inconditional stimulus | 
unit of insulin per kg of body weight, 
the conditioned reflex could be establi- 
shed. If the dose of insulin was large 
(50 units per kg) most of the dogs, 7 
out of 8, died before the conditioned 
reflex could be established. 

The experiments were performed ac- 
cording to the following plan. On the 
first day, the dog was taken to the 
chamber for conditioning reflexes and 
kept on the table for one hour. On the 
second day the same procedure was re- 
peated but, in addition, the EKG elec- 
trodes and pneumograph were attached 
to the animal and the plastic tube 
previously introduced into the vein was 
connected to the injection system. On 
the third day, after repeating the same 
procedure, 5 ml of saline solution were 
injected intravenously and at the same 
time the stimulus to be conditioned 
(metronome, bell or light) was tur- 
ned on. 

Once it was made certain that this 
procedure did not alter any of the cho- 
sen indicators, the process of condition- 
ing was begun on the fourth day, as 
follows. An initial blood sample was 
taken. During 5 minutes the basal and 
respiratory rates were recorded. Insu- 
lin was then injected and the stimulus 
to be conditioned was turned on for 
15 minutes. At the end of this period 
the conditioned stimulus was termina- 
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FE DE ERRATA 
N® 3, vol. X, 1960, page 155 


Fis. 1: it reads: “Black symbols: values obtained when the conditioned 
stimulus was applied without insulin injection”. 


It should read; “Black symbols: values obtained when insulin was 
injected — White symbols: values obtained when the conditioned stimulus 
was applied without insulin injection”. 

N® 3, vol. X, 1960, page 167 6th line 

Left, it reads: “ministration (Table II, Fig. 1). At this”. 


It should read: “plasma (Table V). After reaching its”. 


CONDITIONED HYPOGLYCEMIC REFLEX 


ted and a second blood sample was 
taken. After repeating this maneuvre, 
usually during 8 consecutive days the 
same procedure was performed again, 
except that, instead of insulin, an equal 
volume of saline solution was given 
(sham injection). The glucose concen- 
tration in the blood decreased to the 
same extent as had occurred on the 
eight previous days after insulin injec- 
tion. In other words, the hypoglycemic 
action of insulin was reproduced by a 
conditioned stimulus. 

The results obtained were similar 
in all seven dogs. The basal blood glu- 
cose concentration had a mean value 
of 92 mg per 100 ml of blood. ‘The 
intravenous injection of insulin (1 mg 
per kg of body weight) lowered the 
blood glucose concentration after 15 
minutes to a mean value of 46.5 mg 
per 100 ml of blood. 

On the days on which insulin. was 
substituted by a sham injection, the 
basal blood glucose concentration had 
a mean value of 90.5 mg per 100 ml 
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Fic. 1.— Conditioned hypoglycemic reflex in 
the normal dog. Abscissae: ordinal numbers 
of the experiments performed at daily inter- 
vals. Ordinates: blood glucose concentration 
in milligrams per too ml of blood. Circles: 
blood glucose concentration at the beginning 
of each experiment. Triangles: blood glucose 
concentration fifteen minutes after the injec- 
tion of insulin or the application of the con- 
ditioned Vertical lines: change of 
blood glucose concentration in eadh experi- 
ment. Black symbols: values obtained when 
the conditioned stimulus was applied without 
insulin injection. 
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of blood. The conditioned stimulus 
produced a hypoglycemia which after 
15 minutes had a mean value of 52 mg 
per 100 ml of blood. Typical results 
obtained in one of the dogs are shown 
in figure 1. 

The hypoglycemic conditioned re- 
flex occurred as a consequence of an 
auditory stimulus applied together 
with the intravenous injection of sa- 
line solution. It was interesting to de- 
termine whether the injection of saline 
solution or the auditory stimulus or 
both were responsible for initiating the 
conditioned reflex which produces hy- 
poglycemia. After having established 
the reflex in 3 dogs, the effect of the 
saline injection alone, and the action 
of the auditory stimulus alone were 
tested. The injection of saline solu- 
tion was without any appreciable el- 
fect, while the auditory stimulus pro- 
duced a hypoglycemia which appeared 
as great as that produced by the com- 
bination of both factors. 

Once the conditioned reflex was es- 
tablished, it was interesting to learn 
about its stability by determining the 
temporal course of its extinction. The- 
se determinations were made on three 
animals. In two dogs the doses of insu- 
lin which had been used as an uncon- 
ditioned stimulus was | unit per kg of 
body weight; in the third, the dose of 
insulin was 50 units per kg of body 
weight. This was the only animal 
among 8, which received this high dose 
of insulin and survived a sufficiently 
long period to enable it to acquire 
the conditioned reflex. In this dog af- 
ter associating the injection of insulin 
with the sound of the metronome for 
8 consecutive days the same procedure 
was repeated on the following days, 
except that insulin was substituted by 
the sham injection. The conditioned 
hypoglycemia diminished progressively, 
due to lack of reinforcement (insulin 
injection) until, on the fifth day, the 
conditioned reflex was extinguished, 


‘ 
| | 
| | 
60 | | 
4 
40 
20 
— 


156 
120 5 
100 4 
80 i 9 
i 
60 1! ; 
4 
40 4 | 
| ; 
20 4 
id 15 


Fic. 2.— Extinction process of the conditioned 
hypoglycemic reflex. Abscissae, ordinates, and 


symbols as in figure 1. 


that is, the dog did not lower its blood 
glucose concentration anymore with 
the sound of the metronome. Fig. 2 il- 
lustrates this experiment and shows the 
time course of the extinction process. 


B) Absence of glycosuria. 


One possible mechanism for the con- 
ditioned reduction in the blood glucose 
concentration could be the excretion 
of glucose through the urine. If this 
was its mechanism, the conditioned 
hypoglycemia should always be accom- 
panied by glycosuria. In order to test 
this hypothesis, all experiments inclu- 
ded the determination of glucose in the 
urine. There was no appreciable quan- 
tity of glucose in the urine, in all ins- 
tances. 


C) The role of the pancreas. 


Another possible mechanism for the 
conditioned hypoglycemia could be a 
reflex stimulation of the beta cells of 
the Langerhans islets, whereby insulin 
would be secreted. This reflex stimula- 
tion might be susceptible to condition- 
ing. To test this hypothesis two series 
of experiments were undertaken. 
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Conditioned hypoglycemia in the 
alloxan diabetic dog: 


Two dogs were injected with a single 
dose of alloxan. For two and a halt 
months they had a sustained hypergly- 
cemia ranging between 220 and 330 mg 
per 100 ml of blood, in spite of insulin 
treatment (1 unit per kg and per day) 
and of a diet poor in carbohydrates. 
The conditioned experiments on these 
dogs were similar to those already des- 
cribed. A metronome was used as the 
stimulus. Figure 3 illustrates the results 
in one of the animals. The 4 prelimi- 
nary control experiments, performed at 
daily intervals, showed no changes in 
blood glucose concentrations. From the 
5th to the 13th experiments the sound 
of the metronome was reintorced by 
the injection of insulin (1 unit per kg). 
From the l4th to the 16th day, insulin 
was replaced by the sham injection. 
The sound of the metronome reduced 
the blood sugar concentration by 233, 
150 and 76 mg per cent, on the 14th, 
15th and 16th days, respectively. The 
decreasing hypoglycemia responses in- 
dicate the beginning of the extinction 
process mentioned above. 
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Fic. 3.— Conditioned hypoglycemic reflex in 
the alloxan diabetic dog. Abscissae, ordinates, 
and symbols as in figure 1. 
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‘These experiments suggest that the 
conditioned hypoglycemia is not due 
to an increased insulin production by 
the pancreas. The diabetes was so pro- 
nounced that it was unlikely that the 
Langerhans islets could produce, in 
response to the conditioned stimulus, 
the necessary amounts of insulin to 
reduce the blood sugar importantly. 
Nevertheless, this possibility could only 
be discarded if it could be proven that 
the alloxan had completely inactivated 
all of the beta cells, or by using com- 
pletely depancreatized dogs. 


Conditioned hypoglycemia in_ totally 
depancreatized dogs: 


Twenty three dogs were used. Only 
in three cases it was possible to obtain 
animals which survived three weeks 
after pancreatectomy in sufficiently 
good conditions to try to establish the 
conditioned reflex. In these three dogs, 
the results were similar and it was 
possible to condition the reflex, so that 
the sound of the bell produced a con- 
ditioned hypoglycemia, Figure 4 illus- 
trates the results in one of the animals. 
During nine consecutive days the sound 


of the bell was reinforced with the 
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Fic. 4.— Conditioned hypoglycemic reflex in 
the totally depancreatized dog. Abscissae, ordi- 
nates, and symbols as in figure 1. 
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injection of insulin (1 unit per kg). 
On the 10th day, the conditioned sti- 
mulus was applied, but without the 
insulin reinforcement; it produced a 
reduction in blood glucose concentra- 
tion of 109 mg per 100 ml. The sound 
of the bell was reinforced again on 
the Ilth and 12th days with insulin. 
On the 13th day, the sound of the bell 
alone, reduced the blood glucose con- 
centration by 136 mg per 100 ml. 


DIsCUSSION 


Savchenko (1939) reported the pos- 
sibility of reproducing, by means ol 
conditioned stimuli, the effects of se- 
veral substances, among them the hy- 
poglycemic effect of insulin. In 1954 
Leites and Pavlov published a more 
extensive study, performed in a con- 
ditioned reflex chamber. These authors 
confirmed the earlier observations of 
Savchenko, and suggested that the ce- 
rebral cortex intervenes both in the 
production of the conditioned insulin 
hypoglycemia and in the development 
of the compensatory hyperglycemia. 

Our observations, made on the all- 
oxanized and the totally depancreatized 
dogs, exclude the possible role of insu- 
lin of pancreatic origin in the produc- 
tion of the conditioned hypoglycemia. 
Since, the responses obtained in these 
dogs (figs. 3 and 4) were as ample as 
those found in the normal dogs, the 
conclusion can be reached that the 
pancreas is not indispensable to produ- 
ce the reflex hypoglycemia. 

The fact that the hypoglycemic ac- 
tion of insulin can be conditioned, in- 
dicates that at least part of the insulin 
effect is mediated by a nerve reflex. 
Since there is no appreciable differen- 
ce in the magnitude of the hypoglyce- 
mic responses to insulin and those to 
the conditioned stimulus it appears as 
though, under these conditions, insulin 
has only a slight if any peripheral ac- 
tion, and most of the effect is mediated 
by the reflex. 
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Since relatively small amounts of in- 
sulin (1 unit per kg) can be used for 
conditioning the hypoglycemic reflex 
(figs. 1, 3 and 4), it is likely that this 
reflex may participate in the normal 
regulation of blood sugar. 

There is evidence (Gemmill, 1939) 
which shows, by in vitro experiments, 
that insulin acting peripherally is ca- 
pable of increasing the uptake of glu- 
cose by tissues like the isolated rat dia- 
phragm. This has been interpreted as 
due to the fact that insulin increases 
the cell permeability to glucose. This 
evidence does not invalidate the hypo- 
thesis that insulin may exert its phy- 
siological effect, in mammals, through 
the mediation of the central nervous 
system, at lower concentrations than 
are necessary to show its effects in vitro. 

The pronounced hypoglycemic res- 
ponse to the conditioned stimulus, in 
the alloxan diabetic dog and in the 
dog chronically deprived of all its pan- 
creas, indicates that there exists a po- 
tent factor, different from pancreatic 
insulin, but as effective as this hormo- 
ne in lowering the blood glucose con- 
centration. In other words, since the 
reduction in blood glucose concentra- 
tion occurs without an exogenous, or 
any known endogenous supply of in- 
sulin, it appears necessary to postulate 
the existence of an unknown and _ po- 
tent hypoglycemic factor, which would 
be active during the hypoglycemic con- 
ditioned reflex. This factor would play 
an important physiological role in the 
hypoglycemic effect of insulin. 


SUMMARY 


1) It was found that the hypoglyce- 
mic action of insulin can be condition- 
ed in the dog. 

2) The conditioning has been pro- 
duced associating the hypoglycemic 


state, due to an insulin injection, with 
an indifferent auditory stimulus for 
eight consecutive days. 
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3) When the indifferent stimulus is 
applied alone on the ninth day, a hy- 
poglycemic response appears, as large 
as that produced by insulin. 

4) Similar conditioned hypoglyce- 
mias have been obtained in alloxan 
diabetic and in totally depancreatized 
dogs. 

5) When the conditioned stimulus is 
applied repeatedly without reinforce- 
ment, the hypoglycemic response de- 
creases progressively until it is extin- 
guished. 

6) The conditioned hypoglycemia is 
not due to a renal excretion of glucose 
or to a reflex stimulation of the beta 
cells of the Langerhans islets. 

7) It is concluded that in the hypo- 
glycemic action of insulin a nerve re- 
flex is involved which can be condi- 
tioned. There appears to be a potent 
hypoglycemic factor, which is set in 
action by insulin through this nerve 
reflex. 
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ARGINASA DE LA SANGRE Y DEL HiGADO EN RATAS 
IN TOXICADAS CON TETRACLORURO DE CARBONO 


C. Basitio, V. PRAyoux y J. CABELLO 


(Instituto 


A DESTRUCCION aguda de un tejido 
L animal produce frecuentemente la 
penetracién a los espacios vasculares de 
algunos constituyentes celulares dota- 
dos de propiedades bioquimicas espe- 
cificas. Numerosas investigaciones han 
senalado la elevacion de diversas acti- 
vidades enzimaticas en la sangre, como 
consecuencia de procesos necréticos del 
higado y del miocardio (?; 1% 19% 21, 22), 

La administracion de tetracloruro de 
carbono a los animales causa una lesion 
del higado, que comienza en el centro 
del lobulillo y se extiende hacia la pe- 
riferia. El desarrollo de esta lesién se 
caracteriza por anomalias morfoldgicas 
de las células, necrosis, intiltracién y 
degeneracién adiposa, y por alteracio- 
nes bioquimicas que se reflejan en la 
variacion de la cantidad y reparto de 
algunos componentes celulares, en la 
modificacién de numerosas actividades 
enzimaticas y en la pérdida de la fun- 
cidn mitocondrial. 

En los animales ureotélicos, la hidr6- 
lisis de la arginina por accién de la 
arginasa es una propiedad altamente 
especifica de la célula hepatica. La ar- 
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ginasa, abundante en el higado, no 
existe en la sangre de varias especies 
examinadas, incluyendo la rata. Una 
excepcion interesante es la especie hu- 
mana, que posee esta enzima, en can- 
tidad facilmente demostrable, en el in- 
terior de los eritrocitos (*). 

En este trabajo se demuestra que la 
destruccién del parénquima hepatico 
en la rata por ingestién de tetracloruro 
de carbono, provoca la penetracién de 
arginasa en el torrente sanguineo. 
Como la sangre de la rata no intoxi- 
cada esta practicamente desprovista de 
arginasa, la aparicion y el nivel de esta 
enzima en el plasma sanguineo, cons- 
tituyen una manifestacién muy sensi- 
ble de la extension y evolucién de la 
necrosis hepatica causada por el tetra- 
cloruro de carbono. 


MATERIAL Y METODOs 


Se produjo necrosis hepatica en la 
rata por ingestion de una sola dosis 
de tetracloruro de carbono y se midie- 
ron las actividades arginasicas del plas- 
ma y del higado durante las horas 
siguientes. 

Intoxicacién con Se utilizaron 
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ratas blancas Wistar, hembras y ma- 
chos, que pesaban 200 + 20 g. Des- 
pués de un ayuno de 24 horas se les ad- 
ministrOé por intubacién gastrica, bajo 
suave anestesia etérea, 0.2 ml de CCl, 
disuelto en 0.3 ml de aceite de oliva. 
Los animales se mantuvieron con su 
dieta habitual. 

Se sacrificaron grupos de 4 a 6 ratas, 
a las 6, 12, 24, 36, 48, 72, 96, 120 y 162 
horas después de la ingestién del to- 
xico y se determiné en ellas la activi- 
dad arginasica del plasma sanguineo y 
del higado, aplicando la reaccién co- 
lorimétrica de Archibald (*). Se toma- 
ron muestras del 6érgano para examen 
histolégico, fijandolas en formalina 
al 10 %. 

Como testigos se usaron ratas no in- 
toxicadas y ratas a las cuales se les 
administré oralmente una dosis unica 
de 0.3 ml de aceite de oliva. 


Determinacion de la arginasa. 


a) En el plasma. Se recogen 5 ml de 
sangre carotidea sobre 10 mg de oxala- 
tos de potasio y amonio, El plasma se 
aisla por centrifugacién. 

Como etapa previa, la arginasa del 
plasma se activa, incubando a 37°C 
durante 1 hora, 0.5 ml de plasma no 
diluido o diluido en razones de 1:5 a 
1: 100 en solucién isoténica de ClNa, 
con 1 ml de SO,Mn 0.004 M. 

La actividad de la enzima se mide 
agregando a la mezcla 1 ml de clor- 
hidrato de arginina 0.1 M, disuelto 
en amortiguador 0.1 M glicina, 
pH 10.14. 

Inmediatamente se toma la muestra 
de tiempo cero, vaciando | mi de la 
mezcla sobre 0.2 ml de acido metafos- 
forico al 24%. 

El resto de la mezcla se incuba a 
37°C durante 30 minutos, a cuyo tér- 
mino se detiene la reaccién agregando 
0.3 ml de acido metafosférico al 24 %. 

Después de centrifugar, se toma 
0.5 ml de los sobrenadantes y se trata 
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con 4.5 ml de reactivo sulttrico-fosf6- 
rico y 0.25 ml de solucién al 3% de 
@ isonitrosopropiofenona. Se calienta en 
bano de agua hirviente | hora. Se en- 
fria en hielo, en la oscuridad, 10 mi- 
nutos. Los colores se leen a 540 mili- 
micrones. 

La muestra del tiempo cero mide la 
c .centracién de urea preformada en 
el plasma sanguineo, cantidad que se 
resta a la concentraci6n de urea deter- 
minada después de la reaccién enzi- 
matica. 

b) En el higado. A partir de un ho- 
mogenizado 1:10 en soluci6n isoto- 
nica de ClNa, se preparan diluciones 
1: 400 a 1: 1000. La activacioén de la 
enzima se efectua como en el plasma. 
La actividad arginasica se mide en un 
periodo de 10 minutos, con la técnica 
antes descrita. 

c) Expresién de los resultados. La 
reaccion sigue un curso lineal para 
concentraciones de urea comprendidas 
entre 0.2 y 2.4 » moles por ml. Esta 
ultima cantidad equivale a la hidro- 
lisis del 10% de la cantidad inicial de 
sustrato. 

Se define como unidad de arginasa 
la actividad que en las condiciones des- 
critas, libera 1 » mol de urea por mi- 
nuto. Los resultados finales se expresan 
en unidades por mi de plasma o en 
unidades por g de higado fresco. 


RESULTADOS 


Las lesiones hepaticas producidas en 
la rata por la ingestion de 0.2 ml de 
CCl, tienen una intensidad variable, 
pero aparecen mas homogéneas que las 
obtenidas por inyeccién del toxico. El 
examen histopatolégico del higado re- 
vela, a las 6 horas, pequenos focos de 
necrosis y degeneracion grasa en torno 
de la vena centrolobulillar. Estos focos 
necroticos orlados de células lipofagi- 
cas, se extienden y unen dejando pe- 
quenos islotes de parénquima normal. 
Este aspecto persiste hasta las 72 horas, 
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en que se inicia la remocion del tejido 
necrosado y la regeneracion de las ceé- 
lulas hepaticas. 

Los animales pierden peso inicial- 
mente; en algunos de ellos se desarrolla 
una ictericia intensa. Al cabo de una 
semana, la mayoria estan completa- 
mente recuperados. La mortalidad en 
la serie fué 4%. 

Actividad arginasica del plasma san- 
guineo. La actividad arginasica del 
plasma de ratas no intoxicadas, man- 
tenidas en su régimen alimenticio ha- 
bitual es practicamente nula y no es 
influida por la ingestidn de 0.3 ml de 
aceite de oliva (Tabla 1). 
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den equivalente a la de un homogenei- 
zado de higado normal al 10%. Pos- 
teriormente la arginasa del plasma des- 
ciende con rapidez hasta las 72 horas 
y luego lentamente hasta recuperar el 
nivel original a las 120 6 162 horas 
(Fig. 1 y Tabla II). 

Las lineas verticales en los puntos 
de la Fig. | representan las amplitu- 
des de variacién individual de la ar- 
ginasa plasmatica en las diversas horas. 
Aun cuando las variaciones son consi- 
derables, dependiendo de la_ resisten- 
cia al t6xico, las diferencias entre los 
grupos son tan grandes que sus ampli- 
tudes no se sobreponen. Se consideré 


TABLA I 


Actividad argindsica del plasma sanguineo de ratas no intoxicadas 


1. Normales 


2. Testigos que ingieren 0.3 ml aceite 
de oliva 


De 35 animales examinados, la acti- 
vidad arginasica del plasma estaba au- 
sente en 25. En los restantes se encon- 
tr6 una actividad minima. Reuniendo 
todos estos resultados, se obtiene un 
promedio de 0.01 U/ml, cifra influida 
por el hallazgo excepcional de una 
cantidad de 0.08 U/ml en un animal 
aparentemente normal. 

En los animales intoxicados con 
CCl,, la actividad arginasica del plas- 
ma sube y es facilmente medible 6 ho- 
ras después de la administracién del 
toxico, aleanzando un valor promedio 
100 veces superior al normal. La argi- 
nasa del plasma aumenta rapidamente 
en las horas siguientes, hasta un pro- 
medio maximo de 40.4 U/ml a las 36 
horas, concentracién que es de un or- 


N° de Unidades/ml de plasma 
ratas Media Rango 
26 0.011 0.00-0.08 
0.003 0.00-0.02 
304 
< \ 
/ \ 
| \ 
/ \] 


12 24 36 48 60 72 84 96 
HORAS DESPUES DE INGESTION DE CCia 


Fic. 1.—Aparicién y niveles de la arginasa 


del plasma sanguineo de ratas después de la 

administracién oral de tetracloruro de carbo- 

no. La curva corresponde a los valores prome- 

dios de cada grupo horario, Las lineas vertica- 

les indican la amplitud de Jas fluctuaciones 
individuales. 


Grupo | 
| 
' 
< 
1 
i 
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TABLA II 


Actividad argindsica del plasma sanguineo de ratas intoxicadas por adiministracion 


oral de tetracloruro de carbono 


Horas después de ingestion N° de Unidades/ml de plasma 
de CCl, ratas Media Rango 
0 35 0.01 0.00- 0.08 
6 5 1.03 0.39- 1.52 
12 5 3.02 1.56- 3.88 
24 6 10.93 6.24-18.60 
36 9 40.46 27.10-57.10 
48 9 11.90 $.70-23.30 
72 15 0.96 0.00- 6.45 
96 9 0.07 0.02- 0.14 
120 5 0.02 0.00- 0.05 
162 5 0.01 0.00- 0.03 
TABLA III 


Actividad argindsica del higado de ratas no intoxicadas 


N° de Unidades/g higado fresco 
Grupo ratas Media Rango 
if 
2. Testigos que ingieren 0.3 ml aceite 


| 
u/¢ 
1O00F 
3 Fic. 2.—Variacién de los niveles de arginasa 
j z en el higado de rata después de la administra- 

a | } cién oral de tetracloruro de carbono. En las 
« 800 | columnas se indica el promedio y la amplitud 
de las fluctuaciones individuales. El rectangulo 
© 400} I sombreado encierra los valores enconivados en 

la rata normal. 

200 

| 

| 

6 24 48 72 120 162 


HORAS DESPUES DE INGESTION DE CCie 
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innecesario un mayor analisis estadis- 
tico. 

Actividad arginasica del higado. En 
la Tabla III, se muestra la actividad 
arginasica del higado de las ratas no 
intoxicadas o que recibieron aceite de 
oliva. El promedio del conjunto es 
524 U/g tejido fresco. La amplitud de 
las variaciones normales corresponde a 
la zona sombreada de la Fig. 2. 

En los animales intoxicados con 
CCl,, la actividad del higado permane- 
ce normal en las primeras horas, pero 
desciende a las 36 horas y alcanza un 
valor medio minimo a las 48 horas, 
cuya magnitud es la mitad del prome- 
dio normal (Fig. 2 y Tabla IV). Mas 
tarde la actividad enzimatica se recu- 
pera: se normaliza a las 72 horas y 
continia subiendo en los periodos si- 
guientes hasta niveles superiores al 
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cuyo plasma posee una elevada activi- 
dad arginasica, presentan una actividad 
enzimatica 10 a 20 veces inferior a la 
del plasma correspondiente. 

Con el objeto de establecer si esta 
actividad argindsica eritrocitica es in- 
herente a los eritrocitos o proviene del 
plasma ocluido entre las células, se la- 
varon los globulos 3 veces con voli- 
menes iguales de solucion salina iso- 
tonica o de plasma de rata normal, 
exento de arginasa. 

La determinacién de la actividad 
arginasica de los eritrocitos, antes y des- 
pués de estas manipulaciones, muestra 
que la enzima pasa rapida y totalmente 
a los liquidos de lavado. Los resuita- 
dos de la Tabla V indican que la argi- 
nasa de los eritrocitos proviene del 
plasma adherido a la superficie celular. 

Evolucién de la urea sanguinea, La 


TABLA IV 


Actividad argindsica del higado de ratas intoxicadas por administracién oral 


de tetracloruro de carbono 


Horas después de ingestion N? de Unidades/g higado fresco 
de CCl, ratas Media Rango 
0 28 524 368- 635 

6 4 520 420- 714 

12 5 54 466- 748 

24 6 507 394- 612 

36 4 357 274- 408 

48 4 241 158- 286 

72 4 448 410- 547 

96 5 593 414- 709 
120 5 733 529- 915 
162 6 882 725-1070 


promedio normal. La tendencia de la 
variacion, contrapuesta a la del plasma, 
es claramente definida, a pesar de las 
amplias fluctuaciones individuales. 
Localizacién de la arginasa en la 
sangre de ratas intoxicadas. Los eritro- 
citos centrifugados provenientes de la 
sangre de ratas intoxicadas con CCl,, 


concentracién de la urea en el plasma 
de estos animales se mide simultanea- 
mente al determinar su actividad argi- 
nasica (tiempo cero). 

Las cifras registradas en la Tabla VI, 
demuestran que la urea plasmatica se 
eleva en el curso de la intoxicacién 


hasta alcanzar valores maximos en los 


— 
| 
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TABLA V 


sa en el plasma y en los eritrocitos de 
i vata 36 horas después de la administracion 
de tetracloruro de carbono. Efecto del lavado 
de los eritrocitos con plasma de rata normal 
Actividad 


Material 
arginasica 


1. Plasma sanguineo 27,10 U/ml 


Glébulos rojos 240 U/ml 


5. Glébulos lavados 3 veces 


con plasma normal ..... 6,08 U/ml 
Lavados 


1 ml de glébulos 


provenientes de 
230 U 


periodos en que es también maxima la 
actividad arginasica del plasma. La co- 
nocida accién del CCl, sobre el tejido 
renal, en el cual provoca procesos de- 
generativos de la porcién distal del ne- 
fron, es la causa a la cual se imputa 
la elevacién de la uremia (!!). Sin em- 
bargo, es evidente que la presencia de 
grandes cantidades de arginasa en la 
sangre puede ser un facto1 importante 
en la elevacién de la urea. 

La concentracién de la urea _plas- 
matica no aleanza una magnitud su- 
ficiente para afectar la determinacién 
de la arginasa('4). Hemos observado 
que concentraciones de urea _ hasta 
8.0 » moles/ml en la mezcla de incu- 
bacion (equivalentes a una uremia de 
2.40 g por litro en el plasma original) 
no ejercen intluencia sobre la veloci- 
dad de la reaccién enzimatica. 

Efecto de la dilucion del plasma so- 
bre la actividad argindsica. Midiendo 
la actividad arginasica del plasma en 
condiciones en que la hidrolisis del sus- 
trato se aproxima al 10 °% de la cant- 
dad inicial, se ha observado que la 
dilucién de plasmas ricos en arginasa 
permite revelar en ellos un nivel de 
actividad enzimatica que excede en un 
20-50%, al de los mismos plasmas no 
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TABLA VI 


Amplitud de la variacion de la urea sanguinea 
en ratas normales e intoxicadas con tetraclo- 


ruro de carbono 


Grupo g por litro 


. No intoxicadas 0.18-0.40 


. Intoxicadas: 

6-12 horas 
24 horas 
36 horas 
48 horas 
72 horas 
90-120-162 horas 


0.30-0.42 
0.40-1.30 
0.60-1.70 
0.48-0.80 
0.28-0.50 
0.25-0.50 


diluidos. Este hecho sugiere la existen- 
cia de un factor inhibidor cuya natu- 
raleza y mecanismo de accién no se 
han investigado. 


DISCUSION 


Los experimentos aqui relatados de- 
muestran que la intoxicacién aguda 
por CCl, en la rata, causa la aparicion 
de arginasa en el plasma sanguineo. 

En los plasmas ricos en arginasa se 
ha podido revelar una activacion de la 
enzima, por dilucién. Esto sugiere la 
presencia de un inhibidor en el plasma 
original. 

El aumento de la arginasa plasmati- 
ca es rapido y progresivo después de la 
administracién de CCl,, alcanzando su 
nivel mids alto a las 36 horas, periodo 
en el cual las lesiones necréticas del 
higado son muy intensas. La arginasa 
desciende posteriormente y desaparece 
del plasma al término de la regenera- 
cién. Observaciones similares han reali- 
zado Ugarte y col. (?'!) en el perro. Los 
efectos descritos se obtuvieron emplean- 
do 0.1 ml de CCl, por 100 g de rata 
por via oral, dosis con la cual los efec- 
tos son relativamente constantes y mas 
regulares que cuando el téxico se ad- 
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ministra por via subcutanea o intra- 
peritoneal. 

La forma de la curva que describe la 
variacion de la arginasa plasmatica des- 
pués de la ingestién de CCl, (Fig. 1) 
es tipica, y no es afectada por las am- 
plias fluctuaciones que traducen la di- 
versa resistencia individual a la accion 
del toxico. La ausencia de arginasa en 
el plasma de las ratas no intoxicadas 
da especial claridad y significado a esta 
respuesta enzimatica, que parte practi- 
camente desde un nivel cero. 

La actividad argindsica del higado 
varia disenhando una curva inversa a la 
de la arginasa plasmatica. El minimo 
de actividad arginasica del higado a las 
36 y 48 horas es contemporaneo con la 
presencia de niveles maximos en el 
plasma sanguineo, La forma de la cur- 
va construida con los valores promedios 
y fluctuaciones de la arginasa hepatica 
(Fig. 2) es claramente detfinida, aun 
cuando las amplitudes de variacién en 
periodos sucesivos se sobreponen par- 
cialmente. 

En las etapas finales de la observa- 
cidn, cuando el higado esta recién re- 
generado, la actividad arginasica de este 
organo llega a superar los margenes de 
variacion comunes sugiriendo la_posi- 
bilidad de que esta enzima tenga una 
funcion reguladora, limitando la expan- 
sion de la masa de tejido durante el 
crecimiento normal, 

La determinacién de la arginasa en 
el plasma sanguineo podria tal vez ser- 
vir en clinica humana para detectar al- 
teraciones destructivas del parénquima 
hepatico, Sin embargo, la existencia de 
arginasa en el citoplasma de los eritro- 
citos humanos (#), requiere la adopcion 
de precauciones cuidadosas, para ex- 
cluir una transferencia de la arginasa 
eritrocitica hacia el plasma, por fend- 
menos de hemolisis intrinsecos 0 ex- 
trinsecos. 

En cuanto al mecanismo por el cual 
penetran cantidades considerables de ar- 
ginasa del higado al plasma, aparece 
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‘vinculado a la accion toéxica del CCl, 


sobre la célula hepatica. El estudio de 
las alteraciones del higado causadas por 
el CCl, ha revelado los siguientes efec- 
tos: 19) Modificacién de la concentra- 
cién de varios componentes celulares: 
aumento del contenido de grasa, dis- 
minucioén del glicégeno y, en meno 
grado, del N total. La célula hepatica 
pierde coenzima A, piridin-nucledtidos, 
citocromo C, pirofosfato de tiamina y 
ATP, de preferencia en la fraccién mi- 
tocondrial. 2°) Alteracién de diversas 
actividades enzimaticas coordinadas: 
descenso de la respiracién, desacopla- 
miento de la fosforilacién oxidativa, 
menor capacidad oxidativa para nume- 
rosos sustratos que requieren DPN, la 
que se restaura por adicién de la co- 
enzima. 3°) Pérdida de la funcion mito- 
condrial; tumetaccioén de las particulas 
que se hacen esféricas y waslucidas, lle- 
gando a desaparecer, aumento de la 
susceptibilidad a las alteraciones bio- 
quimicas causadas por el envejecimien- 
to y aumento de la permeabilidad que 
determina la migracién hacia el ci- 
toplasma de los piridin nucledtidos, 
pirofosfato de tiamina y ATP, con 
aumento relativo del ADP (5 6 510 1: 
16 18), 

Recknagel y Anthony (15) han sena- 
lado que 20 horas después de la inges- 
tion de CCl, se producen 2 lesioncs 
mitocondriales tipicas: a) pérdida de 
la accién estimulante del 2-4 dinitrofe- 
nol sobre la oxidacién del a-cetogluta- 
rato y del glutamato, y b) transforma- 
ciédn del caracter de la actividad ATP- 
asica, disminuyendo la estimulada por 
dinitrofenol y aumentando considera- 
blemente, en cambio, la que depende 
de Mg*. Thiers y Reynolds (7°) encuen- 
tran un aumento del Ca intramitocon- 
drial que llega hasta 10 veces el valor 
normal a las 16 horas después de la 
intoxicacion. 

Basandose en estas observaciones, mu- 
chos autores ('*) consideran que el ata- 
que primario del CCI, se efecttta sobre 


166 


la estructura y funci6én de las mitocon- 
drias, condicién que determina la de- 
generacion y necrosis de la célula he- 
patic.. La acumularia como 
consecuencia de la inhibicién de la 
oxidacion de los acidos grasos demostra- 
da en el caso particular del octanoato 
y atribuida a la falta de coenzima A 
y a la depresion de la reaccién activa- 
dora inicial de los acidos grasos (17). Sin 
embargo, otros autores consideran que 
la lesién mitocondrial es tardia y pot 
lo tanto, secundaria a otra accién bio- 
quimica no definida 

Observaciones anteriores de Cabello, 
Prieto y Prajoux (*) relativas a la dis- 
tribucién intracellular de la arginasa 
en el higado de la rata, demuestran 
que un 80° de la actividad arginasica 
recuperable esta ligada a jas particulas 
y que, el 50° del total se encuentra 
en las mitocondrias. 

Estos hechos sugieren la posibilidad 
de que los altos niveles de arginasa 
plasmatica producidos en la rata por la 
administracion de CCl, sean efecto de 
una alteracién de la permeabilidad y 
estructura mitocondrial, lo que causa 
la difusion de la arginasa al citoplasma 
del hepatocito, al través de cuya mem- 
brana danada la enzima encuentra ac- 
ceso a los sinusoides lobulillares. 


grasa se 


CONCLUSIONES 


1. La sangre de la rata normal carece 
de arginasa o posee sdlo indicios de 
esta enzima. 

La intoxicacién de la rata con CCl, 
determina la entrada de gran cantidad 
de arginasa del higado a la sangre. La 
actividad enzimatica aparece localizada 
en el plasma sanguineo. 

2. La mas alta concentracion de ar- 
ginasa plasmatica se encuentra 36 horas 
después de la administracién del t6xi- 
co y coincide con la mayor intensidad 
de la necrosis hepatica. Después la acti- 
vidad enzimiatica disminuye, desapare- 
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ciendo a las 120 horas, en la mayoria 
de los casos. 

3. El contenido de arginasa del hi- 
gado desciende hasta un 50°, del va- 
lor inicial a las 48 horas, y luego sube 
hasta exceder el promedio normal al 
término de la fase regenerativa. 

La concentracion de la urea san- 
guinea asciende en los animales into- 
xicados hasta alcanzar un maximo a las 
24-36 horas después de la intoxicacion. 

5. Considerando las acciones del 
CCl, sobre la estructura y funcién del 
hepatocito y la prevalencia de la acti- 
vidad arginasica en la fraccién mito- 
condrial, la aparicién de una elevada 
concentracion de arginasa en el plasma 
durante la necrosis hepatica puede ha- 
llarse relacionada, en cierto grado, con 
las alteraciones de la permeabilidad 
mitocondrial y la desorganizacién de la 
membrana celular. 
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SUMMARY 


The oral administration in a single 
dose of 0.2 ml of carbon tetrachloride 
to 200 + 20 g rats causes hepatic ne- 
crosis and subsequent liberation of liver 
arginase into the blood stream. 

Normal rats have none or negligible 
arginase activity in the blood plasma 
(mean: 0.01 units per ml, Table 1) and 
no detectable arginase in the red cells. 
However, arginase activity raises to very 
high levels in the blood plasma of rats 
fed with carbon tetrachloride, the ma- 
ximum value (mean: 40.5 units per ml) 


FE DE ERRATA 
N® 3, vol. X, 1960, page 155 


Fic. 1: it reads: “Black symbols: values obtained when the conditioned 
stimulus was applied without insulin injection”. 


It should read: “Black symbols: values obtained when insulin was 
injected - White symbols: values obtained when the conditioned stimulus 


was applied without insulin injection”. 
N® 3, vol. X, 1960, page 167 6th line 
Left, it reads: “ministration (Table II, Fig. 1). At this”. 


It should read: “plasma (Table V). After reaching its”. 
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being reached 36 hours after drug ad- 
ministration (Table II, Fig. 1). At this 
time the most severe hepatic necrosis 
occurs as substantiated by histological 
findings. ‘The enzyme is only found in 
ministration (Table II, Fig. 1). At this 
maximal level, the arginase activity of 
plasma rapidly decreases becoming null 
in most cases after 120 hours of into- 
xication, when the liver is regenerated. 
Therefore it may be concluded that 
the presence of detectable amounts of 
arginase in the blood plasma constitutes 
an index of liver necrosis, the level 
attained being correlated with the de- 
gree of hepatic injury. 

As a clear counterpart of the above 
described changes in blood arginase, 
the content of this enzyme in liver, pro- 
gressively decreases and falls to half of 
the initial level after 48 hours of intoxi- 
cation (Tables Ill, IV, Fig. 2). After- 
wards, the liver arginase level goes up 
to normal and even higher values at the 
end of the regenerative phase. This 
observation is consistent with the as- 
sumption of arginase being implicated 
as a regulatory factor in the normal 
limitation of tissue growth. 

Blood urea increases in intoxicated 
animals and a maximum value is rea- 
ched 24-36 hours after carbon tetra- 
chloride ingestion (Table VI). This ef- 
fect, which parallels the rise of arginase 
in plasma, has commonly been ascribed 
to kidney injury. The possibility that 
it may be also dependent on the high 
arginase activity of blood must be con- 
templated. 

The available evidence on the effects 
of carbon tetrachloride on structure and 
function of the hepatocyte indicates an 
early and probably primary mitochon- 
drial injury. The permeability changes 
and swelling of ‘ese particles can be 
so profound as to determine their dis- 
appearance as morphological entities. 
This results in the release to the cyto- 
plasm of several cofactors normally 
bound to particle structure and the 
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modification of the enzymatic pattern 
and activities of mitochondria. As intra- 
cellular arginase has been found main- 
ly localized in the mitochondrial frac- 
tion, the large and rapid increase of 
arginase level in blood plasma after 
carbon tetrachloride administration 
may depend on toxic damage to mito- 
chondria and to the cell membrane, 
followed by diffusion of the contents 
of necrosed liver cells to lobular sinu- 
soids and capillaries. 


REFERENCIAS 

(1) R. J. biol. Chem., 1945, 
157 507. 

(2) Bruns, F. H. y Neunaus, J.: Biochem. 
Zeit. 1955, 326, 242. 

(3) CABeLLo, J., Priero, H. y Prajoux, V.: 
Bol. Soc. Biol. Santiago (Chile) 1954, 77, 22. 

(4) CaBeLLo, J., PRAjyoux, V., Basitio, C. y 
Coronano, A.: 7% Reunién Asoc, Latino- 
amer. Ciencias Fisioldgicas (Montevideo), 
1957, 37. 

(5) Catvert, D. N. y Bropy, T. M.: Fed. 
Proc., 1958, 17, 356. 

(6) Cameron, G. R. KASuNAVATNE, W, A. E.. 

J. Pathol. Bacteriol., 1936, 42, 1. 

Curistir, G. y JupAn, J. D.: Proc. Royal 

Soc., London, B, 1954, 142, 241. 

(8) Dianzant, M. U.: Biochim. Biophys. Acta, 
1955, 17, 391. 

(9) DiANZANI, M. U. DIANZANI-Mor, M. A.: 
Biochim, Biophys. Acta, 1957, 24, 564. 

(10) DiANzANI, M. U.: Biochem. J., 1957, 65, 
116. 

(11) Harpin, B. L.: 
1954, 23, 92. 

(12) Jupan, J. D. y Rees, K. R.: Biochem. Soc. 
Symposia., N° 16, 1959, 94. 

(13) La Due, J. S., Wrosirski, F. y KARMEN, 
A.: Science, 1954, 120, 497. 

(14) MANNING, R. GrisoLia, Proc. Soc. 
exp. Biol. N.Y., 1957, 95, 225. 

(15) RecknaceLt, R. O. y ANrony, D. D.: J. 
biol. Chem., 1959, 234, 1053. 

(16) Rossi, F.: Giorn, Biochim., 1958, 7, 332. 

(17) Rosst, F.: Giorn, Biochim., 1958, 7, 430. 

(18) SEVERI-FONEssU, C., FONEssu, A. AGOSTINI, 
C.: Giorn. Biochim., 1958, 7, 221. 

(19) Siptey, J. A., Hiccins, G. M. FLFIsSHER, 
G.A.: Arch. Pathol., 1955, 59, 712. 

(20) ‘Tuters, R. E. y RryNnowos, E. S.: Fed. 
Proc., 1958, 17, 537. 

(21) UGarte, G., Pino, M. E., P., MA- 
rusic, E., A. y VALENZUELA, J.: 
Rev, Med., Chile, 1959, 87, 39. 

(22) Wrosiewskl, F. y La Dur, J. Ann. int, 
Med., 1955, 43, 345. 


(7 


Indust. Med, and Surg., 


= 
i 


EFFECT OF ASCORBIC ACID ON EXPERIMENTAL 
ATHEROSCLEROSIS IN THE CHICKEN (*) 


M. A. FERNANDEZ-GIMENO (**), J. L. LACUARA (**), 
A. L. Gimeno (**), B. Lema and M. R. MALINOW 


(Institute of Physiology, University of Buenos Aires Medical School, 


decrease aortic atherosclerosis in 
cholesterol-fed rabbits (') and its use 
is being advocated for the treatment 
of human atherosclerosis (7). Neverthe- 
less, since rabbits are herbivorous ani- 
mals, it was felt that a study of the 
elfects of ascorbic acid on coronary and 
aortic atherosclerosis in an omnivorous 
species was desirable. Consequently, 
vitamin C was injected into cholesterol- 
fed chickens and its vessels examined. 


A scorBic acid has been reported to 


MATERIAL AND METHODS 


Six week old, white Leghorn coc- 
kerels were fed commercial chick starter 
mash (***) during one week and placed 


*) Partly supported with a grant from the 
“Consejo Nacional de Investigaciones Cientifi- 
cas y Técnicas de la Republica Argentina”. 

**) Fellow from the “Consejo Nacional de 
Investigaciones Cientificas y Técnicas de la 
Republica: Argentina”. 

***) Manufacturer’s composition: Proteins 
Fats 5°; Carbohydrates 50°; Salts 
10°.; Roughage 6°,; Vit. A 7000 U/100 g; 
Vit. D 1300 U/100 g; Aureomycin 250 mg 
100 


Buenos Aires, Argentina) 


afterwards on mash supplemented with 
1 ©, cholesterol (****), ‘They were then 
divided into three groups of 15 birds 
each: a) saline-injected controls; ani- 
mals injected with b) 0.1 g of ascorbic 
acid (*****); and c) with 1.0 g of as- 
corbic acid. Intramuscular injections 
were performed five times a week. The 
ascorbic acid content of the injections 
was frequently checked with Roe and 
Kuether’s method (*); concentration dif- 
fered with the theoretical dose by less 
than 1°. The birds were sacrificed 
alter 8 weeks on this experimental 
regimen; further methods of studying 
the animals after sacrifice as well as 
statistical handling of results have been 
described previously 


RESULTS 


Results are shown in tables I through 
Ill. It can be seen that chickens gained 
weight normally, although the injection 


(****) Cholesterol USP, Nutritional Bioche- 
micals, Cleveland, Ohio. 

(*****) Ascorbic acid was kindly provided 
by Roche, S. A. Argentina as “Redoxon”. 

Received for publication, August 10, 1960. 
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TABLE III 


Chemical determinations in chickens 


Group N® of 

birds 
1) Saline injected ........... 1] 
Ascorbic acid 0.1 g ....... 11 
$) Ascorbic acid 10g ....... 12 


| 


of | g of ascorbic acid somewhat depres- 


sed body weight. Vitamin C was not 
able to modify aortic nor coronary 
atherosclerosis and had no eltect on 


blood or aortic cholesterol. No consis- 
tent endocrine changes could be ads- 
cribed to the injections, although birds 
receiving 0.1 g of vitamin C had heavie 
pituitaries than their controls. 


DISCUSSION 


Our results clearly show that ascor- 
bic acid given parenterally, does not 
modify aortic or coronary atheroscle- 
rosis in cholesterol-fed cockerels. Op- 
posite results have been reported in 
cholesterol-fed rabbits, namely, preven- 
tion of aortic atherosclerosis (!); whether 
this is due to species differences or to 
other factors can not be presently sta- 
ted, although it must be stressed that 
Flexner et al. (°) have already reported 
negative results in rabbits injected with 
vitamin C. 


Cholesterol 


Blood 


Aorta 
mg/100 ml birds mg/100 g 

$05.00 + 25.9 10 242.80 + 41.24 
260 + 27.1 9 273.55 + 28.75 
272 + 26.9 11 302.8 + 25.04 

vs 2 1.356 0.615 

vs 3 O.915 1.251 

SUMMARY 


Cholesterol-fed chickens were given 
0.1 or 1.0 grams of ascorbic acid by 
intramuscular injections five times a 
week. Vitamin C was without effect in 
modifying the incidence of aortic or 
coronary atherosclerosis. 
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ANTAGONISM BETWEEN THYROID AND GONADS UPON 
THE HAIR CYCLE IN C3H/Ba MICE (*) 


A. B. Houssay, C. E. Epprr, E. I. SAuRER (**) 


(Centro de Endocrinologia, Ministerio de 


and A. MORALES 
Asistencia 


Social y Salud Publica, Godoy Cruz 1221, e Instituto 


de Oncologia, Universidad de Buenos Aires, Buenos 
Aires, Argentina) 
13), androgens (!!,'%) and corti- 


HE growth of hair in rats and mice 
T is cyclic, every hair follicle has 
alternate periods of growth and rest 
(2.7). Hair growth is not uniform, but 
there are centers of growth from which 
it spreads in waves all over the bo- 
dy 7). 

Several endocrine influences modify 
these hair cycles. The most interesting 
alteration is the one produced by gonad- 
ectomy in mice (% 1%) and either by 
adrenalectomy (!: 9 14.17) or hypophys- 
ectomy (19. 16), in rats and mice. In 
them, all the resting hair follicles are 
stimulated after operation and all the 
denuded area is rapidly and simulta- 
neously covered by a coat of hair (°: !*). 
This action is inhibited by estrogens 


(*) This work was partly supported by a 
grant from the “Consejo Nacional de Inves- 
tigaciones Cientificas y Técnicas de la Repu- 
blica Argentina”. 

(**) Fellow from the “Consejo Nacional de 
Investigaciones Cientificas y Técnicas de la 
Republica Argentina”. 
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coids (9: 13, 17), 

Thyroidectomy retards hair growth 
in rats (4.5) and mice (!!) and the ani- 
mals are covered by hair at a slower 
rate. The thyroid hormones accelerate 
hair growth in hypothyroid (4) and nor- 
mal (*) rats. 

This work was devised with the ob- 
ject to find out if thyroidectomy would 
be effective in retarding the rapid and 
simultaneous growth of hair induced 
after gonadectomy. 


MATERIAL AND METHODS 

The experiments were performed in 
male C,H/Ba mice, weighing from 20 
to 30 g, belonging to the subline of 
the inbred strain of mice, bred under 
the direction of Dr. Carlos E. Epper, 
at the Institute of Oncology, University 
of Buenos Aires. The animals were 
selected in such a way that littermates 
were equally distributed in the different 
groups. 

Thyroidectomies were made by intra- 
peritoneal injection of 100 microcuries 
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of I!81, After an interval of 20 days, in 
which period the destruction of the 
thyroid was completed, the experiment 
began and every mice was clipped and 
some groups of animals were castrated 
surgically. 

Every mice was clipped with an elec- 
tric clipper number 0000, over an area 
extending along the back, trom the 
neck to the base of the tail, at the 
beginning of every experiment. 

The clipped area was observed 2 o1 
3 times a week along the whole of each 
experiment and the percentage of the 
denuded area covered by hair was es- 
timated by inspection every time. With 
the average data obtained in the mea- 
surements in every group, Figures | 
and 2 were drawn. 

Several groups of castrated-thyroidec 
tomized mice were injected intraperi- 
toneally daily for 30 days, with an 
aqueous solution of sodium |-thyroxin, 
in concentrations of 0.1, 0.3 or 1 micro- 
grams in the 0.2 cc injected in every 
animal. 

At the end of the experiment the 
mice were killed with ether. A complete 
autopsy was performed and the pros- 
tate, seminal vesicles, testicles, pituitary, 
adrenals, thyroid, thymus and salivary 
glands were weighed. A_ histological 
study was performed of the skin, tes- 
ticles, thyroid and pituitary. 
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WAIR GROWITN IM DENUDED (%) 


2 4 6 10 % 2 22 % 26 28 30 DAYS 


Fic. 2. 


The mice were weighed before the 
operations (initial weight) and before 
they were killed (final weight). 

In every experiment a statistical study 
of the results obtained was made. and 
the average, quadratic deviation and 
standard error were calculated. 


RESULTS 


In the first experiment the effects of 
castration and thyroidectomy upon the 
growth of hair were compared in 4 
groups of CzH/Ba mice: 1) castrated 
mice, 2) thyroidectomized mice, 3) cas- 
trated-thyroidectomized mice and 4) 
normal mice. 

Thyroidectomy was produced by 100 
microcuries of 1'3! given 20 days before 
the beginning of the experiment, so the 
mice would be in thyroid insufficiency 
at that time. Castration and clipping 
were carried out the same day the 
experiment began. The data on the 
growth of hair in these different groups 
is shown in Graph 1. 

The hair follicles of the back of these 
animals were in the resting period and 
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no hair waves were seen macroscopi- 
cally, 

In control animals a normal cyclic 
rhythm was observed and the denuded 
area was covered gradually by the hair 
wave .After 70 days nearly all the backs 
were covered by hair. 

The backs of the thyroidectomized 
mice were also covered by a hair wave 
but it was so slow that at the end of 
the experiment, 120 days after clipping, 
they were still not completely covered 
by hair in any of the animals. 

In castrated mice the hair grew ra- 
pidly and simultaneously in all the 
backs and they were completely cove- 
red by hair 20 days after clipping. 

In castrated-thyroidectomized mice 
the hair grew in waves similar to those 
of normal controls and the clipped 
backs were covered by hair in the same 
interval of time, as seen in figure I. 
At 70 days after clipping practically all 
the backs were covered by hair. 

The differences in the growth of hair 
in these 4 groups of animals are clearly 
shown in figure 1. There it can be 
seen the slow hair waves of thyroidec- 
tomized mice, the rapid and homoge- 
neous hair growth in castrated mice, 
and the similarity of the hair waves 
in castrated-thyroidectomized and in 
normal mice. 

In table I the weight of the animals 
and their organs are presented. There 
was a decrease of body weight in thy- 
roidectomized mice either castrated or 
not. In castrated mice there was atrophy 
of prostate and seminal vesicles, de- 
crease in the weight of the thyroid 
and increase in the weight of the thy- 
mus. In thyroidectomized mice there 
was decrease in the weight of prostate 
and seminal vesicles, increase in the 
weight of pituitary and adrenals and 
decrease in the weight of thymus. 

It was evident that thyroidectomy 
by I'*! diminished the rate of hair 
growth in normal and castrated mice. 
To ascertain that these results were 
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due to thyroid insufficiency and not 
to the radiation delivered by the radio- 
isotope, or to nutritional factors as 
suggested by weight loss, we devised 
Experiment 2. Here substitution the- 
rapy with |-thyroxine was given to cas- 
trated-thyroidectomized mice to find 
out if the rapid and simultaneous hair 
growth of recently castrated mice could 
be restored. 

Thus, in 4 groups of male C,H/Ba 
mice, radio-thyroidectomy was made 
by 100 microcuries of I'*! and 20 days 
later the animals were castrated and 
their backs were clipped. Sodium 1-thy- 
roxine was injected intraperitoneally 
daily for 30 days to 3 groups of mice 
in the following way: group | - 1 mi- 
crogram daily, group 2 - 0.3 micrograms 
daily, group 3 - 0.1 micrograms daily 
and group 4 - controls. The results are 
presented in figure 2. 

We can see that in every group whe- 
re |-thyroxine was administered hair 
growth was greatly accelerated as com- 
pared with the castrated-thyroidectomi- 
zed controls, and that was due to the 
restoration of the rapid and simul- 
taneous hair growth of castrated mice. 
The difference in the hair growth in 
these different groups is mainly due 
to the latency period before the ap- 
pearance of the diffuse hair growth, 
being shorter when the dose adminis- 
tered was higher. With 0.3 or 1 micro- 
grams daily the hair growth was dil- 
fuse in all the mice, with 0.1 micro- 
grams daily a very rapid hair wave 
was found in some. We think that the 
physiological dose of |-thyroxine which 
can restore the hair growth in castrated 
animals by intraperitoneal route is 0.3 
micrograms daily. 

In Table IL the results on body and 
organ weights are presented. Body 
weight in castrated-thyroidectomized 
mice was maintained with 0.1 micro- 
grams daily and increased with 0.3 and 
1 micrograms daily. ‘The administra- 
tion of |-thyroxine did not change the 
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weight of testicles, prostate and seminal 
vesicles, decreased the weight of pitui- 


tary and adrenals and increased the 
weight of the thymus and_ parotid 
glands. 


If we compare the results of Table I 
and II, we observe that thyroid hor- 
mones have a stimulating action upon 
prostate and seminal vesicles only il 
testicles are present. It is also clear that 
thyroidectomy increases the weight of 
pituitary and adrenals and this effect 
is inhibited by 1|-thyroxine. Moreover, 
castration decreased the size of thyroids. 
Besides, it is apparent that thyroid 
hormones exert a trophic action upon 
thymus and parotids. 

From the results presented it is con- 
cluded that thyroidectomy retards hair 
growth in normal and castrated mice 
and the administration of I|-thyroxine 
restores it to normal. Besides, the ex- 
periments, show that testicles and thy- 
roid had an opposite effect on the con- 
trol of hair cycles, so when one factor 
is suppressed the balance is disrupted 
towards the opposite side. Thus, after 
castration a rapid and simultaneous 
hair growth ensues and after thyroidec- 
tomy hair growth waves become very 
slow. When both opposite factors are 
suppressed the balance is restored again 
and the resulting hair growth is very 
similar to that of normal mice. 


DISCUSSION 


Every hair follicle has alternate pe- 
riods of growth and rest, in every 
growth period a new hair grows (*: 7). 
This period of growth is divided ac- 
cording to the histological appearance 
into several phases: anagens 1, 2, 3, 4, 
5 and 6, and its duration is 21 days in 
C;H/Ba mice. The resting period is 
called telogen, it is very variable in 
length in normal mice and it increases 
in every hair cycle, that is to say as 
the animal grows old (!*), 

Every hair cycle begins in a limited 
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part of the skin as a transversal band 
running symmetrically across the body, 
where hair follicles are in the same 
period of stimulation. These bands 
move slowly backwards, sometimes for- 
ward, and cover the rest of the skin 
gradually, the region where they have 
already passed being in resting period 
again. As C,;H/Ba are pigmented mice, 
these bands are noticed by the dark 
pigmentation of the skin preceding hair 
growth and its movement is easily ob- 
served. Thus, every complete hair coat 
is produced by a single hair cycle that 
covers all the skin surface of the animal, 
slowly and gradually, in an_ orderly 
and symmetrical way. 

Gonadectomy disturbs this hair cycle 
completely, immediately after the ope- 
ration. The alteration consists in the 
immediate stimulation of resting hair 
follicles, so that the hair cycle begins 
and ends at the same time in all those 
follicles and the animal is thus covered 
in 21 days by a new coat of hair in a 
diffuse way. If all the clipped hair 
follicles are in telogen phase when the 
animal is castrated, the growth of hair 
is simultaneous in all the denuded sur- 
face, at 15 days all the skin becomes 
dark and at 21 days the hairs of the 
new coat are as long as the non-clipped 
ones. We called this pattern of hair 
growth “diffuse growth of hair’, Go- 
nadectomy does not alter the individual 
growth of each hair 

When in the denuded area there is 
a dark band of active hair follicles 
belonging to a hair wave, they continue 
their normal growth and it is finished 
in that place before the appearance of 
the diffuse wave. Thus one part of the 
clipped area is covered by the wave 
already active, but the remaining sur- 
face that was in telogen at castration 
is covered by the diffuse growth. In 
summary, immediately after castration 
hair follicles in telogen phase are ex- 
cited and produce a diffuse and simul- 
taneous growth, bands of hair follicles 
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in late anagen continue their normal 
growth which ends before the diffuse 
growth. In any case, 21 days after cas- 
tration the animal is covered by a new 
coat of hair. 

When the diffuse wave is finished 
the cyclic rhythm in slow waves appears 
again. This could be explained by an 
adaptation of hair follicles or by the 
inhibitory action of other endocrine 
glands such as pituitary or adrenals. 

(Thyroid insufficiency produced in 
our experiments a marked retardation 
in the growth of hair, either in the 
gradual waves of normal mice or in 
the diffuse growth of castrated mice. 
Besides, substitution therapy with |-thy- 
roxine restored the diffuse growth in 
castrated-thyroidectomized mice, This 
confirms the stimulating physiological 
action exerted by thyroid hormones 
upon the hair follicle. 

These experiments confirm our hypo- 
thesis that the hair cycle is under hor- 
monal control (9: 1°. 15. 16), even if other 
factors may be important. Some hor- 
monal factors are inhibitory, as the 
gonadal and adrenal hormones, that 
inhibit the diffuse hair growth and 
permit the gradual stimulation of hair 
follicles (% 19. 18, 15, 16), Other hormonal 
factors are stimulating, as thyroid hor- 
mones and if they are absent, hair 
waves are very slow and the diffuse 
hair growth is not possible. 

When some of the inhibitory factors 
are suppressed, either the gonads or 
the adrenals, the normal balance is 
altered, the excitatory factors predo- 
minate and they produce the diffuse 
hair growth. If we suppress the thyroid 
also, the balance is obtained again and 
there are normal waves. The reap- 
pearance of normal waves in the second 
hair cycle after castration or adrenal- 
ectomy could be explained as an adap- 
tation through the pituitary and the 
other inhibitory glands, either adrenal 
or gonad. 

When the thyroid, a very important 
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stimulating factor, is suppressed, hai 
growth is very slow, that is to say the 
balance is broken because the inhibi- 
tory factors, adrenals or gonads, pre- 
dominate. 

The fact that hypophysectomy pro- 
duces diffuse hair growth ('®) immedia- 
tely after operation, would prove that 
the pituitary is principally inhibitory 
and when it is removed the balance is 
disrupted in favor of stimulating fac- 
tors. We do not know which is the 
stimulating factor that acts in absence 
of the anterior pituitary. The work of 
Eser (®) points to the hormones of the 
posterior pituitary, but we have not 
been able so far to confirm their find- 
ings. 

The experiments reported in this 
paper clearly show that thyroid and 
testicles have an antagonistic action 
upon the hair cycles. The suppression 
of one of them produces an inbalance 
because the other gland predominates. 
posterior pituitary, but we have not 
been able so far to confirm their fin- 
dings. 

SUMMARY 


The effect of castration and thyroid- 
ectomy were compared in 40 male 
C;,H/Ba mice. In the normal controls 
hair grew following the typical hair 
waves. In the castrated ones the growth 
was greatly accelerated and the hair 
grew simultaneously all over the de- 
nuded back of the animals. In_ the 
radiothyroidectomized mice hair growth 
was very slow, but waves of growth 
were noticed. In radiothyroidectomized- 
castrated mice hair growth was identical 
to that of the normal mice used as con- 
trols, taking nearly the same time in 
covering the denuded areas. 

The administration of 0.1, 0.3 or | 
micrograms of |-thyroxine daily to cas- 
trated-thyroidectomized mice restores 
the diffuse hair growth of castrated 
mice, 

In short, hair growth in normal and 
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castrated C,H/Ba mice is retarded by 
thyroid insufficiency and the thyroid 
and testicles have opposite actions of 
similar intensity upon the hair cycles 
of these animals. 


ACKNOWLEDGMENTS 


We are indebted to the Glaxo Labo- 
ratories, Buenos Aires, for the supply 
of |-thyroxine and to the Comision 
Nacional de la Energia Atomica of 
Argentina, for the provision of the 
radioisotope 


REFERENCES 


(i) Burcuer, E. O.: Anat. Rec., 1934, 60, 57. 

(2) Butcuer, E. O.: Anat. Rec., 1934, 67, 5. 

(3) Burcuer, E. O.: Amer, J. Physiol., 1940, 

129, 553. 

CuHanc, H. C.: Amer. J. Physiol., 1926, 

97, G62. 

(5) Diecxe, S. 
315. 

(6) Eser, T&ézuUNKAM, P.: Ann. Endocrinol., 
1958, z9, 1110. 


(4 


— 


H.: Endocrinology, 1948, 42, 


(7) Happow, A.; Evson L. A.; Aog, K. M. F.; 
RupaLL, K. M.; Timmis, G. M.: Nature 
(Lond), 1945, 755. 379. 

(8) Houssay, A. B.: Rev. Soc, argent. Biol., 
1953, 29, 221. 

(9) Houssay, A. B.: Acta physiol, lat.-amer., 
1958, 3, 232. 

(10) Houssay, A. B.: Cienc. e Invest., 
ro, 291. 

(11) Houssay, A. B.; Epper, C. E.; SAURER, 
E. L: XXI International Congress of Piy- 
siological Sciences, Buenos Aires, 1959, 
Abst. of Communicat., pag. 129. 

(12) Houssay, A. B.; Hiccins, G. M.: Proc. 
Mayo Clin., 1949, 24, 269. 

(13) Houssay, A. B.; Hiccins, G. M.: Proc. 
Mayo Clin., 1949, 24, 597. 

(14) Houssay, A. B.; Hiceins, G. M.: Proc. 
Mayo Clin., 1951, 26, 323. 

(15) Houssay, A. B.; NALLar, R.; Saurer, E.: 
Acta physiol. lat.-amer., 1959, 9, 35. 

(16) Houssay, A. B.; Pennos, J. C.; 

V. G.: Rev. Soc. argent. Biol., 1955, 31, 7. 

RALu, E. P.; Grater, J.: Endocrinology, 

1945, 37, 252. 

(18) Saurer, E. ABULAFIA, J.; Houssay, 
A. B.; Epper, C. E.: Histological study 
of hair gowth in recently gonadectomized 
mice (in preparation). 

(19) Wurraker, W. L.; Baker, B. L.: Science, 
1948, 108, 207. 


1954, 


(17 


‘ 
i 


A NEW DIURETIC FACTOR OF HEPATIC ORIGIN 


ANY factors are involved in water 
M diuresis and in sodium excretion 
(natriuresis). Neither can be attributed 
simply to variations in osmotic pressure 
following dilution of the blood nor to 
variations in glomerular filtration pres- 
sure resulting from a temporary increa- 
se in blood volume, Even the activity of 
the hypothalamic neurohypophysial sys- 
tem (considered the leading factor in 
diuresis because it controls the level of 
the anti-duiretic hormone (ADH) in 
the bloodstream) is not sufficient to 
account for all the phenomena encoun- 
tered. If it were, diuresis would occur 
almost immediately following the intra- 
venous administration of water. Water 
given by this route at once affects the 
hypothalamic neurohypophysial system, 
causing rapid decrease of the ADH 
concentration in the blood; at the same 
time immediate variations in osmotic 
pressure and changes in the volume of 
the blood would occur — all factors 
tending toward an early diuretic res- 
ponse. This is not the case, however. 
Numerous investigators (!-*) have point- 
ed out that diuresis does not occur im- 
mediately after water (or, rather, its 
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physiologic equivalent, 3 or 5 per cent 
glucose) has been administered intrave- 
nously even when the quantity given 
is as much as one third of the total 
blood volume (Thompson) (%). The 
“delay time”, or period between the 
time when maximal plasma dilution oc- 
curs and the time that diuresis reaches 
its peak, varies according to the route 
of administration. According to West- 
fall and coworkers ('°), Haldane (°), 
Priestly (®- 7), and others, diuresis takes 
place 30 to 60 minutes following intra- 
venous administration of water; 2 to 3 
hours after it is given subcutaneously, 
and only 20 to 30 minutes following 
oral ingestion. (*) As Smirk (!*) points 
out, the onset of diuresis does not occur 
at the moment when maximal dilution 
of the blood takes place. On the other 


(*) Hollander, W. Jr. and Williams, T. F. (11) 
reported that they had reached the conclusion 
that there was no significant difference bet- 
ween the water diuresis produced by oral and 
by intravenous water loading in human sub- 
jects. However, the present author feels that 
the probable reason that no differences were 
observed during their study is that long-term 
experiments were conducted. In such cases, the 
normal compensatory reactions serving homeos- 
tasis would have had the opportunity to inter- 
vene and provoke adequate diuresis, thereby 
producing a balance in the normal water load. 
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hand, the results of Ladd’s studies (1%) 
demonstrated that intravenous adminis- 
tration of three liters of saline solution 
in man did not significantly increase 
the urinary excretion rate, while a sub- 
ject who was prehydrated by having 
him drink a liberal amount of water 
(two liters) 8 to 13 hours prior to the 
intravenous infusion of saline showed 
a marked increase in diuresis following 
a subsequent infusion. In addition, 
Blomhert et al. (!4) reported that iso- 
tonic saline solution when given at 
night provoked diuresis if given orally 
but had no effect on urinary excretion 
if infused. Neither these findings nor 
the fact that the “delay time” is of shor- 
ter duration when water is taken orally 
than when intravenously administered 
are explained by any of the physiologic 
systems presently known. 


In seeking an explanation for this 
apparent paradox the author formula- 
ted the problem in the following way: 
How does orally ingested water reach 
the circulatory system, and in what way 
does this route differ from the route 
taken by water parenterally adminis- 
tered? Water, taken orally, must first 
pass through the liver by way of the 
portal vein, while, when administered 
parenterally, it enters the systemic cir- 
culatory system directly. This suggested 
that oral ingestion of water is followed 
by a diuretic effect as a result of its 
passage through the liver. Pick (15) has 
already suggested that the part played 
by the liver in water balance is im- 
portant, first of all because it can store 
water and secondly because diuretic 
and antidiuretic hormones may be pro- 
duced in that organ. However, before 
entering the liver, orally ingested water 
must first pass through the gastrointes- 
tinal tract, any portion of which could 
also enhance its diuretic properties. 
Grindsberg (16), Cow (17) 18) Schmid (1°) 
and Ambard (2°) reported that they had 
obtained an extract from the intestine, 
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by maceration, that had diuretic pro- 
perties, 

However, it seemed unlikely to the 
author that such a diuretic factor could 
be liberated physiologically. It seemed 
more probable that the intestine is 
simply a channel through which water 
passes, in addition, of course, to being 
the surface where absorption and early 
osmotic adjustements take place. The 
diuretic propeity of ingested water was 
through the liver causes the release o1 
expressed differently, water in passing 
through the liver causes the release or 
production of a factor that promotes 
diuresis. Experiments were then under- 
taken to test this hypothesis. 

EXPERIMENTAL PROCEDURE: The ini- 
tial experiment consisted of taking 
10 ml of blood from the portal vein of 
a dog and, at the same time, 10 ml from 
the hepatic vein. The entire amount 
of each sample (heparinized) was ad- 
ministered intravenously to a dog. The 
animal had been prepared by inserting 
catheters into each ureter and allowed 
a steady urinary flow to be established. 
The portal blood was injected first; it 
resulted in a slight increase in urinary 
output. When urinary flow became uni- 
form again at previous levels, the blood 
from the hepatic vein was injected. Diu- 
resis occurred again, but this time to 
a considerably higher degree than with 
the blood from the portal vein. Follow- 
ing the completion of this simple test, 
a more refined procedure was devised 
involving perfusion of the liver. 


A cannula was inserted into the trunk 
of the portal vein of an anesthetized 
dog; the vein was then ligated below 
the cannula, eliminating the intestine 
from the intended perfusion area. 
Another cannula (the drain) was in- 
serted into the main branch of the he- 
patic vein at a point immediately be- 
fore the opening of this vein into the 
inferior vena cava. The liver was then 
perfused via the cannulas with 7 or 8 
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liters of aerated Tyrode’s solution main- 
tained at 38° or 39°C. In the early 
experiments the recovered liquid was 
freed of products of a vasodilatory 
nature prior to preparing it for test- 
ing (') through precipitation with trich- 
loroacetic acid. Subsequent observations 
revealed that when this step was not ta- 
ken there were no modifications either 
in renal plasma flow or in glomerular 
filtration rate. The procedure was the- 
refore discontinued and only the fol- 
lowing steps were taken: 1) the recove- 
red perfusate was centrifuged to remove 
the blood cells; 2) the supernatant was 
lyophilized to remove the water pre- 
sent from Tyrode’s solution and 3) the 
dried material was dialyzed to remove 
the Tyrode’s and all remaining salts. 
The remaining solution contained a 
residue which apparently had been pro- 
duced in the liver. This preparation 
was used in the early, volumetric expe- 
riments performed at the Institute of 
Experimental Medicine, School of Me- 
dicine, Montevideo, Uruguay. More 
complete experiments subsequently per- 
formed at Yeshiva University, Albert 
Einstein College of Medicine, New 
York, with the invaluable advice of 
Prof. A. Gilman, Department of Phar- 
macology, will also be described. 


EARLY EXPERIMENTS WITH HEPATIC 
SUBSTANCE; Volumetric Experiments in 
Anesthetized Dogs. Dogs were anesthe- 
tized with chloralose (*). A catheter was 
inserted into each ureter and the num- 
ber of drops excreted were recorded. 
This method obviated the problem of 
incomplete measurement because of 
dead spaces, such as occurs with cathe- 
terization of the bladder, and it was 
possible to determine more precisely 
when diuresis began, when it reached 
its peak, and when it subsided. After 


(*) It has been established that chloralose is 
the anesthetic which least interferes with uri- 
nary excretion. (De Bodo, R. C. and Bloch, 
H. I.) (21) 
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signs of postoperative shock had disap- 
peared and a steady rhythm of urinary 
flow had been established, a 2 ml in- 
jection (*) of the purified liver substan- 
ce described above was given intrave- 
nously. Within 20 to 30 minutes diure- 
sis began, reaching its peak in 50 to 
60 minutes. Increase in the volume of 
urine excreted ranged from 80 per cent 
to 300 per cent. The dogs in this series 
did not receive any water by the oral 
route prior to the experiment, and no 
priming or constant infusions were gi- 
ven. Of the 26 experiments of this type 
done, results were positive in 24, ne- 
gative in 1, and of doubtful significance 
in the other. 


Experiments in Unanesthetized dogs. 
Normal unanesthetized dogs, without 
operative trauma, were placed in meta- 
bolism cages for the purpose of collect- 
ing and measuring the daily volume 
of spontaneous urinary excretion. They 
were fed measured amounts of liquid 
and solid food for several days until 
they had become accustomed to their 
surroundings and a regular rhythm of 
urinary output had been established. 
At this time an intramuscular injection 
of the liver substance was given. Some 
of the dogs received only one 10 ml 
dose; others received daily 10 ml doses 
of the liver substance over a period of 
from two to six days. (When injections 
of the liver substance were given on 
two consecutive days, the second dose 
often proved ineffective, probably be- 
cause of the excessive diuresis that had 
occurred the previous day.) There were 
no instances of anaphylactic shock or 
other untoward reactions. Thirty four 
experiments of this type were perform- 
ed; results were positive in 24, while 


(*) The material used for testing at this 
stage was not re-lyophilized and the dose in ml 
refers to the solution recovered from the dia- 
lysis bag. Consequently, the amount of the 
substance administered was not known at 
this time. 
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the remaining 9 were negative. Increa- 
ses in urinary excretion ranged from 
100 to 300 per cent. Results of urine 
analysis made in connection with these 
experiments are not reported because 
the urine collected was contaminated 
by the stools and food. Bladder cathe- 
terization was not done in this series 
of experiments and so it was impos- 
sible to know whether the bladder was 
completely evacuated, but since these 
were volumetric experiments only this 
means that the positive results were 
understated, if anything. 


Control Experiments. In order to de- 
termine whether this new diuretic fac- 
tor is secreted also by other organs or 
is specifically a product of the liver, 
perfusions of the spleen and of loops 
of intestine were performed. The subs- 
tance tlius obtained had no diuretic ef- 
fect when tested as above. 


Preliminary Conclusions. These early 
experiments demonstrated that a subs- 
tance can be obtained from hepatic 
endocrine secretion, which, when injec- 
ted into dogs in its purified form, cau- 
ses diuresis. Thus the liver appears to 
have a function, not hitherto attributed 
to this organ, which affects urinary 
output. The “substance” may be hor- 
monal in nature; that this is an endo- 
crine function is suggested by the fact 
that the substance is secreted into the 
bloodstream and that it has a specific 
effect on a distant organ. 


The following experiments were per- 
formed at the Department of Pharma- 
cology, Albert Einstein College of Me- 
dicine, Yeshiva University, New York 
City. They were designed to study the 
characteristics and mode of action of 
the diuretic factor obtained from liver 
secretions. Both anesthetized and una- 
nesthetized dogs were used. 


EXPERIMENTS IN ANESTHETIZED DOGS: 
In an initial series of 3 experiments 
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all dogs were anesthetized, using pen- 
tobarbital, 25 mg/kg (5% in 20°% 
ethanol). The first three tests were done 
with the raw material obtained after 
lyophilization, dialyzation and _re-lyo- 
philization of the liver perfusate. (This 
was the same substance used for the 
early experiments done in Uruguay 
except that it was now re-lyophilized, 
so that it was possible to know the 
actual amount of material injected. 
The dogs were given a priming infu- 
sion of 10 cc/kg of physiologically ba- 
lanced solution, containing in 220 cc 
a total of 88 mg of PAH and 4.5 g ol 
creatinine. This was followed by a cons- 
tant infusion of a balanced solution 
containing, in addition, 2.5 mg/cc of 
PAH and 11 mg/cc of creatinine; the 
solution was administered at the rate 
of 2.2 cc per minute. (In the third 
experiment of this group and in sub- 
sequent experiments, physiologic saline 
was administered in place of the balan- 
ced solution.) After an interval of one 
or two hours (allowance time), collec- 
tion of urine began. It was collected 
every 30 minutes by means of a Male- 
cot self-retaining catheter permanently 
inserted into the bladder. Midway bet- 
ween the beginning and the end of 
each 30 minute period, blood samples 
were taken from the jugular vein. Each 
time the urine was collected the blad- 
der was immediately washed out with 
15 cc of distilled water. (This addition- 
al fluid was taken into account in all 
calculations.) An intravenous dose of 
100 mg of the liver substance sus- 
pended in 2 cc of saline solution (0.9 
per cent) was administered when three 
consecutive periods, during which uri- 
nary flow had remained steady, were 
completed. The urinary flow began to 
increase within 30 to 40 minutes; it 
reached its peak within 60 to 90 minu- 
tes and did not subside completely until 
3 or 4 hours later. The results were 
consistent in the three tests. Urinary 
flow increased by 100 per cent in the 
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first experiment and no noticeable mo- 
difications were observed in creatinine 
and PAH clearances (Fig. 1). In the 
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O' 2040 60.80 100129 40" 
Minutes 
Fic. 1,.— Diagram showing the results of the 


first series experiments in which the “liver 

perfusate substance” injected was the crude 

material, not yet purified, The last portion of 

the diagram represents chlorothiazide compa- 

ralive effects. In all figures, HP means He- 
patic Perfusate. 


second experiment, improved techni- 
ques in the preparation of the injecta- 
ble material resulted in a greater increa- 
se in urinary flow —150 per cent— 
while creatinine and PAH clearances 
remained steady. In the last experiment 
of this group there was a 120 per cent 
increase in urinary flow. 

These findings again demonstrated 
that the substance produced by the li- 
ver increased urinary flow when admi- 
nistered intravenously. The clearance 
tests showed that it did not affect renal 
blood flow or glomerular filtration rate. 
‘This indicates that the mechanism of 
action of this diuretic factor involves 
renal tubular mechanism. 


Purification of Liver Substance. With 
the completion of the first three ex- 
periments, the author was ready to 
proceed with the first stage of purifi- 
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cation of the liver substance. Prelimi- 
nary studies indicated that the substan- 
ce was apparently protein in nature. 
Therefore, the material was precipita- 
ted with half-saturated ammonium sul- 
phate in order to separate the albumin 
and globulin fractions. The fractions 
were dialyzed to remove the ammonium 
sulphate and then lyophilized. In order 
to have a basis for comparison, 100 mg 
was established as a standard dose of 
each fraction. 


Experiments with Liver Substance 
in Stage I of Purification. The next two 
experiments were carried out under 
identical conditions: each dog received 
both priming and constant infusions 
of physiologic saline and a standard 
dose (100 mg) of each fraction was 
used. In one experiment both fractions 
were tested. The albumin fraction was 
tested first; no increase in urinary flow 


‘occurred. The globulin fraction, tested 


immediately afterward, produced a 20 
per cent increase in urinary flow. This 
result was considered negative. Fre- 
quently, if more than one preparation 
was used in the same experiment, no 
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Fic. 2.— Diagram showing the result of in- 
jection of globulin fraction of liver perfusate. 
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definitive results were observed. In the 
other experiment, the globulin fraction 
alone was used. Urinary flow increased 
by 270 per cent (Fig. 2) (videinfra). 


Second Stage of Purification. In or- 
der to achieve a further degree of pu- 
rification of the liver factor, the globu- 
lin fraction, which apparently was the 
active fraction, was precipitated with 
alcohol, at various concentrations, in 
a cold room. This precipitate proved 
more casily soluble in saline solution 
at pH 7.4 than in water. 

The substance obtained was then tes- 
ted, using the usual procedure — pri- 
ming dose of physiologic saline and 
constant infusion. standard dose 
(100 mg) of 75°, —alcohol— precipi- 
tated globulin fraction was administer- 
ed to a dog. An increase in urinary 


+1000% 33cc. 


November 18,1957 Dog 23 Kq. 

Pentobarbital 5%-Prime:250 cc. 
Saline and Permanent Infusion 
2ce/min. 
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Fic. 3.— Results of injection of purified preci- 
pitated globulin fraction referred to as Type 1 
substance. 
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flow of 1000 per cent was observed 
(Fig. 3). For the next two tests of the 
globulin fraction the infusions were 
omitted. When a 50 mg dose of 75 °% 
—alcohol— precipitated globulin  frac- 
tion administered, a 400 per cent in- 
crease in urinary flow resulted. A stand- 
ard (100 mg) dose of 20°, —alcohol— 
precipitated globulin fraction produced 
an increase in urinary flow of only 60 
per cent. In the succeeding experiments 
described in the next section the 75 %, 
—alcohol— precipitated globulin frac- 
tion, considered the active principle, 
was used. It will be referred to here- 
after as Type I substance. 

An experiment was performed in 
which the constant infusion, which 
regularly followed the priming dose 
of balanced solution, was allowed to 
continue for 4 hours and 30 minutes 
before the diuretic factor was adminis- 
tered. This was done to determine whe- 
ther the constant infusion itself had a 
diuretic effect. No increase in urinary 
output was obtained (Fig. 4). The glo- 

Study of Infusion Effect on Diuresis 
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bulin fraction was then injected; it pro- 
duced an increase in urinary flow olf 
280 per cent within 40 to 50 minutes. 
(A subsequent experiment tested the 
effect of continuing the constant in- 
fusion alone, without prior priming. 
It had no effect on urinary flow.) 

Neither a priming dose of balanced 
solution nor a constant infusion was gi- 
ven in the next test. A dose of 150 mg 
of globulin fraction was administered 
and an increase in urinary flow ol 
1000 per cent was obtained within 110 
minutes (Fig. 5). 


+1000 % 
l4ce 
ARS ot 110" 
Dog # 23kq Pentobarbital 
No Prime - No infusion 
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Fic. 5.— Diagram showing that even when the 

dog is without priming nor permanent saline 

infusion, it responds to the liver factor with 
high diuresis. 


A test was run to determine the ac- 
tivity of the supernatant from the glo- 
bulin alcohol precipitate. Following 
administration of a 4 cc dose of the 
supernatant, a 300 per cent increase in 
urinary flow was observed, which in- 
dicated that it had retained some ol 
the marked diuretic action characteris- 
tic of the precipitate. Calculation of 
osmolar concentration revealed that 
there had been a marked increase in 
total solute excretion during the peak 
period of urinary flow. An experiment 
also was done to test the sediment that 
remained after dialyzation of the glo- 
bulin fraction during the first stage of 
purification. Urinary flow increased by 
600 per cent and osmolar concentration 
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again revealed a marked increase in 
solute excretion. 


EXPERIMENTS IN UNANESTHETIZED, 
IRAINED DOGS, WITH TYPE I SUBSTANCE: 
In the first experiment of this series no 
priming solution or constant infusion 
was given. A 100 mg dose of Type I 
solution was administered and urinary 
flow increased by 1360 per cent. In the 
second experiment the priming solution 
was omitted but the dog received a 
constant infusion. The usual dose of 
Type I substance was given but only a 
900 per cent increase in urinary flow 
was obtained. In evaluating the latter 
result it must also be taken into ac- 
count that the injection was given 
abruptly and that the animal was in 
a state of shock, with anuria, for about 
15 minutes, 

In the final experiments of the se- 


Osmolar Clearance 
7.0 
65 
6:0 
65 


cc. Plasma/ min. 


30' Periods 


Fic. 6.— Diagram showing the high increase in 

osmolar. clearance, leading to a high increase 

in total solute excretion during the peak of 
diuretic effect of liver factor. 
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ries, each dog received a priming so- 
lution, a constant infusion, and a 
100 mg dose of Type I substance. In 
the third experiment urinary flow in- 
creased by 825 per cent. 

A marked increase in osmolar clea- 
rance was obtained. Urine concentra- 
tions of solutes were lower, but free 
water clearance (hypotonic urine) was 
not obtained (see Fig. 9); creatinine 
clearance remained steady (Fig. 6). 

Results in the .fourth experiment 
were comparable to those obtained in 
the previous one with regard to clea- 
rance and osmolarity. Increase in uri- 
nary flow amounted to 1,120 per cent 


Potassium 
J 
120 150 180 


Micro ~ Equivalents/Minute Excreted 


30 60 90 
30 Min. Periods 


Fic. 7.— Diagram showing the high increase 
in sodium and chlorides total excretion per 
period during the diuretic effect of the liver 
factor, while urea and potassium total excretion 
remain steady (beiongs to Protocol # 1). 


The obtained free water clearance is 
shown in fig. 8. 

In the last two tests, urine was col- 
lected every 30 minutes and solute ex- 
cretion studied for each period. Sodium 
and chloride excretions showed pro- 
nounced increases (accounting for the 
pronounced increase in solute excre- 
tion), while potassium showed no signi- 
ficant variation. Urea excretion did not 
change (See Fig. 7) (See Protocols + | 
and # 2 and accompanying charts.) 
(Table I and Table IL.) 


Free Water Clearance 


lsosmotic Line=0 


“1.6 

30' Periods 
Fic, 8.—An example of positive values of 
“Free water clearance” (belongs to Proto- 


col # 1)(same results in Protocol # 2, Table 2). 


Additional Experiments. When the 
preceding experiments were completed, 
the author again considered the pro- 
blem as to whether the diuretic factor 
found in the perfusate was a specific 
product of the liver. The possibility 
existed that it was produced in some 
other part of the budy and was present 
in the blood in the liver prior to per- 
fusion. During the infusion it could 
have become mixed with Tyrode’s so- 
lution and, therefore, been found in 
the perfusate. To find the answer to 
this question, the author decided to di- 
vert the route by which the portal 
blood enters the general circulation. In 
a heparinized dog, the hepatic artery 
and inferior vena cava were ligated 
and the blood was carried by a cannula 
from the portal vein to the external 
jugular vein. A 40 cc sample of peri- 
pheral blood was taken from the hu- 
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Taste 1.—Example of a complete protocol (Protocol # 1). 


PROTOCOL + 1 


Female dog, 21 Kg, nonanesthetized; at 10 am priming begun 
saline tv; at 10:10 constant iv infusion started with 850 cc sal 


at rate of 2 cc/min 


Urinary flow 
Time Urine cc/min Wash Total 
11:00-11:30 15 cc 0.5 15 ce 30 cc 
11:15BLOOD 1 
11:30-12:00 15 ce 0.5 15 «x 30 ce 
1:45 BLOOD 2 
12:00-12:30 18 cc 0.6 15 ce 33 cc 
12:15 BLOOD, 
if 
12:30- 1:00 | 77 cc 2.56 15 ce 92 cc 
12:45 BLOOD 
1:00- 1:30 174 cx 5.8 15 cc 189 cc 
1:15 BLOOD 
1:30- 2:00 142 cc 4.73 15 cx 157 cc 
1:45 BLOOD 6 
2:00- 2:30 124 cc | 
2:30- 3:00 70cc This portion was checked only 
3:00- 3:30 19 cc 
Osmolar clearance 
Sample mosm/ I, mosm/I, 
Plasma Urine 
# 306.90 1208.8 1.903 
301. 1092.32 1.813 
# 3 298.99 985.41 1.976 
# 4 301.98 427.89 $.628 
#5 301.98 286.36 5.492 
#6 305.92 274.73 4.25 


with 3 Gm creatinine in 50 cc 
ine containing 6 Gm creatinine 


Sample 


#1 


# 2 at 12:05 injected 0.10 
Gm Type I HP 
(Hepatic Perfusate) iv 


#3 


#4 


#5 


#6 


for volumetric results 


water clearance 


<— HP injected 
— 1.376 
— 1.068 
0.308 
0.52 


plus 
plus 
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Creatinine clearance 


Sample mg % mg % Clearance 
Plasma Urine 
# 1 22 1650. 75 
#2 21 1350. 64.2 
HP injected 
8 21.5 1350. 62.94 
# 4 215 420. 59.85 
#5 20.5 265. 81.43 
# 6 20.5 310. 78.67 
Chlorides 
Plasma Urine 
Sample mEq/1 mEq/1 Micro Eq/min excreted 
(corrected) 
# 1 128.7 154.4 77.2 
# 2 127.5 138.0 69. 
<— HP injected 
# 3 128.3 148.47 89. 
# 4 128.0 151.28 388.26 
#5 128.7 101.76 590.2 
# 6 115.5 95.7 453. 
Potassium 
# 1 3.76 112.8 56.4 
# 2 3.94 73.6 36.8 
<— HP injected 
# 3 3.85 88.76 53.9 
#4 3.56 15.28 39.2 
#5 3.58 12.95 75.16 
# 6 3.72 13.92 65.86 
Sodium 
#1 165. 239.6 119.8 
#2 163. 227. 113.5 
< HP injected 
£5 157. 153.42 92.03 
4 159.5 164.17 421.36 
#5 159.5 110.01 638.23 
# 6 156.5 103.32 489.03 


| = 
= 
= : 
‘ 
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# 1 836. 416.6 
# 2 688. 344. 
<— HP injected 

3 630.55 378.33 
#4 139.70 365.33 
# 5 ss 74.93 434.6 
# 6 82.87 392.23 


meral vein before the experiment and 
another 40 cc sample was collected one 
hour and 15 minutes after. 

Both blood samples were processed 
in the usual manner and the results 
revealed that while each of the samples 
contained the diuretic substance, the 
second sample contained 22 mg _ less 
than the first. In other words, when 


not secreted by the liver, the substance 
was found in a reduced amount in the 
peripheral blood. Although this might 
appear to be an answer to the question, 
the author rejected it as such because 
elaboration of normal plasma proteins 
is a function of the liver and it could 
be objected that the exclusion of the 
liver could be responsible for the lower 


Paste 2.— Protocol # 2 showing that results are consistent. 


PROTOCOL # 2 


Female dog, 21 Kg, nonanesthetized; at 10:15 am priming with 50 cc saline containing 3 Gm 
creatinine; at 10:30 am started constant iv infusion with saline 850 cc containing 6 Gm creatinine 


at rate of 


Time Urine cc/min 


11:30-12:00 22 cc 
11:45 BLOOD 1 


12:00-12:30 18 cc 0.6 15 cc 


12:15BLOOD 2 


2 cc/min 


Wash Total Sample 


0.73 15 cc 37 cc # 1 


33 cc 2 at 12:35 injected 0.10 
Gm Type I HP 
(Hepatic Perfusate) iv 


12:30- 1:00 20 cc 0.66 15 ce 35 cc # 3 


12:45 BLOOD 


1:00- 1:30 76 cc 2.53 15 cc 91 cc #4 

1:15 BLOOD 4 

1:30- 2:00 171 cc 5.7 15 cc 186 cc # 5 

1:45BLOOD 5 

2:00- 2.30 161 cc 5.36 15 cc 176 cc # 6 

2:30- 3:00 107 ce 3.56 15 cc 122 cc #7 (only volumetric) 


: 
Urinary flow 
: 
3 
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Osmolar clearance 
Sample mosm/I mosm/ I Clearance Free water clearance 
Plasma Urine 
# 300.98 901.93 2.187 — 1.457 
# 2 295.08 983.48 = —14 
<— HP injected 
35 300. 821.56 1.808 — 1.148 
# 4 294.09 438.11 3.768 — 1.238 
#5 298.03 278.90 5.33 plus 0.37 
#6 300.98 260.57 4.614 plus 0.746 
Creatinine clearance 
Sample mg % =s. % Clearance 
Plasma Urine 
# 1 22 2182 72.40 
22. 2383. 65. 
HP injected 
#3 23 2100. 60.26 
# 4 22 502.8 57.82 
# 5 3 271.9 78.56 
# 6 20. 278.7 74.70 
Chlorides 
Plasma Urine 
Sample mEq/1 mEq/1 Micro Eq/min excreted 
(corrected) 
# 1 116.1 192.47 141.14 
# 2 117.2 230.96 138.37 
<— HP injected 
# 3 117.2 179.2 119.46 
# 4 115.7 147.35 373.28 
#5 116.5 101.52 578.66 
#6 113.5 87.11 467.49 
Potassium 
#1 3.57 73.29 53.75 
£3 4.05 47.11 28.2 
<— HP injected 
# 3 4.23 78.4 52.27 
# 4 3.54 13.58 34.41 
# 5 3.69 9.35 53.29 
#6 3.93 11.26 60.42 


} am 
| 
| 
| 
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Sodium 


149.3 182.05 
# 2 147.7 207.68 
# 3 148.1 149.45 
#4 147.7 167.82 
#5 151.2 110.55 
# 6 149.8 115.42 
U 
#1 509.34 
# 2 601.22 
# 3 463.75 
# 4 126.52 
#5 67.18 
#6 70.50 


= 


amount of proteins in the plasma, even 
of no specific diuretic proteins were 
produced. Therefore the author at- 
tempted another approach. The liver 
was perfused with Tyrode’s solution in 
the customary manner except that each 
of the 7 liters used for the perfusion 
was collected and processed separately 
so that by the time the seventh liter 
passed through the liver, all traces of 
blood had been washed away by the 
first six liters. A constant infusion was 
given to an unanesthetized dog at the 
rate of 2 cc min. The infusion was con- 
tinued for 1 hour and 20 minutes until 
a steady rhythm of urinary flow had 
been established. At this time the dog 
received 45 mg of Type I substance 
obtained by precipitation of the blood- 
free liver perfusate (Liter # 7). Diure- 
sis began 25 minutes after injection 
was given and an increase in urinary 
flow of 1000 per cent was obtained. 
Thus the substance recovered from the 
blood-free seventh liter proved exceed- 
ingly active. This experiment indicated 
again that the diuretic factor that can 
be found in the peripheral blood is a 
product of the liver and that it is se- 
creted into the bloodstream by that 
organ. 


132.90 
124.6] 
<— HP injected 
98.64 
424.59 
630.13 
410.90 


373.51 
360.73 
<— HP injected 
309.16 
320.52 
382.92 
378.35 


Isosmotic Line 


Free Water Clearance 


30' Periods 


Fic. 9.—An example of negative values of 


“Free water clearance”, but with a tendency 


towards positive values, same direction as 
shown in fig. 8. 


-0 
-0.4 
-0.6 
3 -0.8 | 
-| 
q | 
- 1.8 | 
-20 | 


HEPATIC DIURETIC FACTOR 


A second question arose when it was 
suggested that, according to Brandt et 
al. (22), the diuretic action of the liver 
factor might be attributed to contami- 
nation by pyrogens. The results of ex- 
periments, during which rectal tem- 
perature checks were maintained, de- 
monstrated that the diuretic and na- 
triuretic action of the liver product are 
not linked in any way to pyrogenic 
activity. A permanent infusion with sa- 
line solution was performed at the rate 
of 2 cc/min. Rectal temperature at this 
time was 103°F. Three hours later, 
when the dog received a 50 mg dose of 
Type I substance obtained by precipi- 
tation of Liter +2 perfusate, rectal 
temperature was 101°F. An increase of 
800 per cent in urinary flow was obtai- 
ned and the temperature at the time 
of peak diuresis was 101.8°F. 

It should be pointed out that most 
of the diuretics presently employed in 
clinical medicine are probably conta- 
minated to some extent by pyrogens. 
Certainly much of the material used 
in tests of renal physiology is not free 
of pyrogenic contaminants; it would be 
extremely difficult to eliminate them 
entirely. More important, Lathem (**) 
has reported recently that the pyrogenic 
reaction in man does not provoke in- 
creased urinary excretion of water and 
sodium. But irrespective of these con- 
siderations, the author wishes to em- 
phasize that, in the case of the present 
study, the results of experiments during 
which a temperature check was main- 
tained demonstrated that the diuretic 
action of the liver substance is not 
associated with pyrogenic activity. 


DISCUSSION 


Dr. Homer W. Smith’s recent out- 
standing paper on “Salt and Water 
Volume Receptors” (74) has been used 
as a guide for this discussion, which is 
an effort to correlate the information 
obtained about the liver substance with 
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what is known, and as yet unknown, 
on renal physiology. 

For example, Smith makes reference 
(p. 628) to the findings of Blomhert et 
al. ('4) that parenteral administration 
of saline solution at night does not 
provoke diuresis, while oral adminis- 
tration does. According to Smith this 
represents an unsolved problem. Per- 
haps the presence of a hepatic diuretic 
factor provides an explanation. In the 
author’s experiments, instead of water 
being orally administered, the diuretic 
factor, which normally would be libe- 
rated at the time orally ingested water 
passed through the liver, is parenter- 
ally administered. 

Smith also refers to the fact (p. 631) 
that constriction of the vena cava under 
the diaphragm resuits in sodium re- 
tention. Such a procedure would pre- 
vent the hepatic substance from enter- 
ing the general circulation from the 
hepatic vein and so prevent it from 
exerting its natriuretic effect. 

The result of Ladd’s (!*) experiment, 
which demonstrated that water taken 
orally prior to intravenous adminis- 
tration of saline solution results in a 
significant diuresis, which could not 
be obtained with the intravenous in- 
fusion alone, could be accounted for 
by the liberation by the liver of the 
diuretic substance. In the present ex- 
periments, the previous oral ingestion 
of water was replaced by administering 
the liver substance, and thus the same 
diuretic result was obtained. 

On page 634 Smith writes “...no 
physiologic circumstance is known 
which leads to... unequivocal natri- 
uresis..."" The present experiments 
suggest that this physiologic circum- 
stance exists. Oral ingestion of water, 
because it passes through the liver, may 
liberate the natriuretic factor when 
there is an excess of sodium in the 
body. 

With regard te experiments that 
demonstrate that the diuretic response 


| 
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may vary with the position of the 
body, the author points out that in all 
the tests made during this study, the 
position of the body (supine) was the 
same before and after injection of 
the liver factor. However, experiments 
performed by Von Arman (?°) in Chica- 
go with the author’s liver factor (which, 
in essence, confirmed the author’s fin- 
dings) were done in trained, unanes- 
thetized, catheterized dogs, which were 
kept in a standing position during the 
entire experiment. In other words, the 
results are the same whether a supine 
or a standing position is used. 

Another point of interest is the phe- 
nomenon described by Pappenheimer 
and Kinter, (2625) the post-glomerular 
separation of cells and plasma in the 
renal circulation with its possible effect 
on urinary excretion. The experiments 
with the liver substance demonstrated 
that there were no alterations in blood 
pressure, renal plasma flow, or glome- 
rular filtration rate when the substance 
was administered. Therefore it is not 
likely to alter the phenomenon invol- 
ved in the Pappenheimer and Kinter 
theory. 

In view of the results described, the 
author feels that when considering 
the antidiuretic and antinatriuretic sys- 
tems presently known, a diuretic and 
natriuretic system involving the liver 
must also be taken into account as 
forming part of the “integrative sys- 
tems” that serve homeostasis. Further 
experiments will be carried out to 
determine whether any_ relationship 
exists between this liver function and 
that of the hormones of the adrenal 
cortex and neurohypophysial system. 


SUMMARY AND CONCLUSIONS 


This report covers research which has 
been carried out to determine whether 
or not the liver plays a role in causing 
the “delay time” before diuresis to be 
of shorter duration when water is taken 
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orally than when parenterally adminis- 
tered. Perfusion of the liver was per- 
formed in dogs and the perfusate tested 
for diuretic effect. Results obtained in 
both anesthetized and unanesthetized 
animals revealed increases in urinary 
flow of up to 1300 per cent. 

A study of the mode of action of this 
new hepato-diuretic factor revealed that 
both PAH and creatinine clearances 
remained steady, demonstrating that no 
modifications had occurred in either 
renal plasma flow or glomerular fil- 
tration rate. These findings indicated 
that the mechanism of action of this 
diuretic factor involves renal tubular 
mechanisms. The study (Fiske Osmo- 
meter) of osmolar clearance revealed 
pronounced increases in total solute 
excretion and at the same time, be- 
cause large quantities of water were 
excreted, dilute urine sometimes was 
obtained almost to the point of free 
water. Total urea and potassium ex- 
cretion remained unchanged but the 
curve of the increase in sodium and 
chloride excretion was about parallel 
to that of total solute excretion. 

It seems evident, therefore, that this 
is a diuretic-natriuretic substance tliat 
acts directly or indirectly on the renal 
tubules and that it is produced by the 
liver, presumably as an endocrine se- 
cretion. Further studies are in progress 
related to purification, isolation, and 
identification of this factor, which is 
apparently of a protein nature or 
is bound to a protein. Studies are in 
progress also to determine whether 
the substance acts directly or functions 
in relation to other systems, such as 
those of the adrenal cortex or the neu- 
rohypophysis. 


ACKNOWLEDGMENTS 


The author is indebted to Dr. Al- 
fred Gilman for his invaluable advice 
and for the hospitality extended by 
his department; to Dr. Abraham White 


= 

| | 


HE 


for 


PATIC DIURETIC FACTOR 


his generous help and for his gui- 


dance and assistance in connection with 


the 
Dr. 


chemical work now in progress; to 
Henry Lauson for his valuable 


advice and for the equipment so gene- 
rously placed at our disposal; to Mrs. 
Ethel Koelle and Mrs. Ann Levine for 
their technical assitance; to the Ame- 


(9) 


(10) 


(11) 
(12) 


(13) 
(14) 


193 


rican Cyanamid Company for the grant- 
in-aid and Fellowship given to the 
author; to Mrs. Josephine Franklin 


for 


her intelligent translation of this 


paper from Spanish to English; and to 


Dr. 


W. Heidel for his assistance in the 


preparation of the paper. 


REFERENCES 


Riocu, D. M.: Arch. int. Med., 1927, 40, 
743. 

Cusuny, A. R.: The Secretion of the Uri- 
ne, 2nd. ed. London, Longmans, Green & 
Co., 1926. 


) Bayuiss, L. E. anp Fee, A. R.: J. Physiol. 


(Lond.), 1930, 69, 135. 

Smirk, F. H.: J. Physiol. (Lond.), 1933, 
78, 113. 

HALDANE, J. S. AND PrirstLy, J. G.: J. Phy- 
siol, (Lond.), 1916, 50, 296. 

PrirstLy, J. G.: J. Physiol. (Lond.), 1916, 
50, 304. 

PrirestLy, J. G.: J. Physiol. (Lond.), 1921, 
55, 305. 

FINDLEY, T., JR. AND Waite, H. L.: J. clin. 
Invest., 1937, 16, 197. 

TuHompson, W. H.. J. Physiol. (Lond.), 
1899-1900, 25, 487. 

WEsTFALL, B. B., FINDLEY, T. RI- 
cHaARDS, A. N.: J. biol. Chem., 1934, 107, 
661. 

HOLLANDER, W., JR. AND WILLIAMS, T. F.: 
J. Lab. and clin, Med., 1957, 49, 182. 


Smirk, F. H.: J. Physiol. (Lond.), 1933, 


78, 127. 

Lapp, M.: J. appl. Physiol., 1951, 3, 603. 
BLOMHERT, G., GERBRANDY, J., MOLHUYSEN, 
J. A., De Vrirs, L. A. AND Borst, J. G. G.: 
Lancet, 1951, 2, 1011-1015. 


(15) 
(16) 
(17) 


(18) 
(19) 


(20) 


(21) 


(22) 


(23) 
(24) 
(25) 
(26) 


(27) 


(28) 


Pick, E. P.: J. Mt. Sinai Hosp., 1946-1947, 
13, 167. 

GRINDSBERG, W.: Arch. exper, Path. wu. 
Pharmakol, 1912, 69, 381. 

Cow, D.. J. Physiol. (Lond.), 1914, 47, 
pag. V. 

Cow, D.: J. Physiol. (Lond.), 1914, 48, 443. 
Scop, F.: C. R. Soc. Biol. (Paris), 1938, 
127, 430. 

AMBARD, L.: Physiologie Normale et Pa- 
thologique des Reins. Paris, F. Gittier, 
1914. 332 pags. 

De Bono, R. C. ann Buiocn, H. J. 
Pharmacol. & exper. Therap., 1941, 72, 
(Abs.) 4-5. 

BRANDT, J. L., ZUMOFF, B., CASTLEMAN, L., 
Ruskin, H. D., JoNrs, A. AND ZUCKERMAN, 
S.: J. clin. Invest., 1956, 35, 1080. 
LatHeM, W.: J. clin. Invest., 1956, 35, 
§47-953. 

SmitH, H. W.: Amer. J. Med., 1957, 23, 
623. 

Von ARMAN, C. G:: 
cation. 
PAPPENHEIMER, J. R. AND KINTER, W. B.: 
Amer, J. Physiol., 1956, 185, 377-390. 
KiINtTER, W. B. AND PAPPENHEIMER, J. R.: 
Amer. J. Physiol., 1956, 185, 399. 

KINTER, W. B. AND PAPPENHFIMER, J. R.: 
Amer. J. Physiol., 1956, 1785, 399. 


Personal communi- 


| 
(1) 
(2) 
| 
| | 
(5) | 
| (6) 
(7) 
| (8) 
| 
| 


PROCEEDINGS OF THE ARGENTINE SOCIETY 
OF BIOLOGY 


(BUENOs AIRES, ARGENTINA) 


October 1, 1959 


Thyroid and resistance to cold. C. M. 
Garripo., (/nstituto de Biologia y Me- 
dicina Experimental, Obligado 2490, 
Buenos Atres. Comisién Nacional de 
Energia Atomica, Buenos Aires). 


1) The time of death of albino rats, iodo 
thyroidectomized since 20 days before, submit- 
ted to intense cold was shorter than that of 
intact rats used as controls; 

2) The time of death of iodothyroidecto- 
mized albino rats submitted to intense cold, 
was longer when the animals were given levo- 
thyroxin (6 yg) and tri-iodothyronine (2 yg); 

3) Larger doses (10 y) of tri-iodothyronine 
had a less marked protective effect; 

1) Prednisone has a slight protective effect 
in iodothyroidectomized animals, submitted to 


the action of a very intense cold. 


lodothyroidectomy in the toad. J. C. 
TRIVELLONI, A. O. DONOsO AND G. E. 
Bur. (Instituto de Fisiologia, Facultad 
de Ciencias Médicas, Buenos Altres, Ins- 
tituto de Biologia y Medicina Experi- 
mental, Obligado 2490, Buenos Aires). 


\ technique of thyroidectomy in the adult 
toad, with radioactive iodine (I'!) and the 
progressive lesions up to total destruction of 
the gland, was described. 

Sixty days after injection of 
iodine, residual tissue or regeneration was not 
observed. 


radioactive 


Biochemical and histochemical study 
of fluorescent serum protein distrib- 
ution in the connective tissue. R. E. 
Mancini, O. Vitar, C. Gomez, J. M. 
DELLACHA, O. W. DAvIDSON AND A. CaAs- 
(Instituto de Anatomia General y 
Embriologia, Facultad de Ciencias Me- 
dicas, Buenos Aires, Argentina). 

The rat serum proteins were bound “in 
vitro” with a fluorescent dye —Lissamine Rho- 
damine B 200— using the Chadwick’s method 
with slight modifications. This serum was 
studied by electrophoresis and the amount of 
protein bound dye was determined. The ab- 
sorption curves in the visible and ultraviolet 
spectrum of the labelled and unlabelled pro- 
teins were also determined. 

The labelled serum was injected i.y. to al- 
bino rats weighing 150 to 200 g, the dosis 
were between 0.6 to 1.2 cm per 100 g of 
body weight. Three animals were killed at 
several periods between 10 minutes and 12 days 
after injection. Blood was obtained before 
death to study the dye concentration in the 
serum, which was studied electrophoretically. 
After death several tissues were fixed and the 
slides were seen in the ultraviolet microscope. 

It is observed: 1) the dye is bound pre- 
dominantly to albumin; 2) the concentration 
of labelled protein, as measured by the amount 
of dye bound to it, diminishes to one third 
in 12 hours; then the diminution is slower 
and the labelled protein disappears from the 
circulation on the 16th day after injection; 
3) the labelled protein appears in the vas- 
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cular lumen, capillary walls, Kupffer cells, 
venous sinuses of the spleen and lymphatic 
sinuses of the hemolymphatic nodes 30 minu- 
tes after injection. The fluorescent protein 
also is accumulated early in the ovarian and 
thyroid follicles. ‘Twelve hours later fluores- 
cence is seen in the cutaneous and submucous 
connective tissues, fibrous septa and capsule, 
interstitial tissues, and basal membranes of 
many organs. 

At 24 hours it almost disappears from the 
basal membranal and connective tissue; it 
diminishes in the vascular lumen and ap- 
pears as small droplets in the cells of the 
tubuli contorti of the kidney. 

All these findings indicate that there is 
an equilibrium among the serum proteins, 
the connective tissue (as temporary place for 
storage of them) and the R.E.S., thyroid, 
ovary and renal tubuli contorti cells (a place 
for prolonged deposition of the serum  pro- 
teins). 


Diabetogenic and antidiabetogenic 
action of triamcinolone and dexame- 
thasone. J. M. pr Corrat SALeTA, J. C. 
PreNHOs AND A. F. Carpeza. (Instituto 
de Biologia y Medicina Experimental, 
Obligado 2490, Buenos Aires). 


1) The effect of triamcinolone and dexa- 
methasone on the blood sugar level of dogs, 
rats and toads with pancreatic mass surgically 
reduced was studied; experiments were also 
done in normal toads. 

2) Both triamcinolone and dexamethasone 
had an intense transitory diabetogenic action 
in dogs (a permanent effect was not searched) 
the action of dexamethasone being more 
active. 

3) This diabetogenic action was more intense 
with both triamcinolone and dexamethasone 
than with the corticoids previously used by 
other investigators. 

1) In rats with large partial pancreatectomy 
and prolonged treatment, low doses (10 and 
50 wg) of triamcinolone and 10 yg of dexame- 
thasone showed a preventive effect on dia- 
betes in a certain number of animals: 45 ©; 
62% and 84% respectively. 

5) Triamcinolone at higher doses (250 yg) 
had a diphasic action: an initial diabetogenic 
and, later, a protective one. Dexamethasone 
at doses of 50 and 250 yg showed to be toxic. 
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6) The diabetogenic action of both substan- 
ces was also observed in toads, if the pancreas 
was surgically reduced and even if pancreatec- 
tomy was simultaneous to hypophysectomy but 
not in normal animals. 


Normal hematological values in 
young residents in Mendoza (747 m 
above sea level). EGLANTINA Y. SOTTA- 
No, F. O. E. O. ZANGHERI 
AND J. R. E. SuArez. (Instituto de Car- 
diologia y Cdiedra de Fisiologia, Facul- 
tad de Ciencias Médicas, Mendoza). 


The study of series of normal men and 
women, residents in Mendoza (747 m over the 
sea level) shows similar values to those living 
in the plain. The few exceptions with sig- 
nificant differences observed in some isolated 
series, are not enough to alter this picture, 
specially when considering the smaller num- 
ber of cases in the series of women. 


November 5, 1959 


Hemoglobin study in residents at 
4515 m above sea level. G. RATHE. 
(Instituto de Biologia de la Altura, Uni- 
versidad Nacional de Tucuman, S. S. de 
Jujuy, Argentina). 


No statistically significant differences were 
found between the hemoglobin of men living 
from long time at 4515 meters and at 1270 
meters of altitude. The methods used were 
paper electrophoresis and denaturation by al- 
kali in one minute. 


Action of orinase on the glycemia 
of the turtle “Phrynops hilarii”. Ma- 
RIA MARQUES AND P. Rier Correa. 
(Instituto de Fisiologia Experimental, 
Facultad de Medicina, Porto Alegre, 
Brasil). 

Orinase, in doses of 500, 250, 150 and 50 
mg/Kg administered respectively by mouth, 
intraperitoneally, subcutaneously and intra- 
venously, produced hyperglycemia in the turtle 
“Phrynops hilarii”, this effect being statistically 
significant only at the doses of 500 mg/Kg. 

Control groups treated with distilled water 
or with the Orinase diluent (NaOH 0.1 N), 


. 
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also exhibited hyperglycemia, but this was 


more moderate and lasted for a shorter time 
than with Orinase. 

Furtles treated with 200 mg/Kg of Orinase 
by mouth did not show changes in the blood 
sugal the controls had an increase 
in their sugal rhe difference 


between the two groups is statistically sig- 


level, but 
blood levels. 
nificant. 

Orinase diminished the hyperglycemic effect 
caused by adrenaline, but had no influence 
upon the glucagon effect at the doses used. 


Action of stilboestrol on DPNH- 
oxidase and succinoxidase. A. O. M. 
STOPPANI, J]. A. BRIGNONE AND C. C. DE 
BRIGNONF. (Jnstituto de Quimica 
logica, Facultad de Ciencias Médicas, 
Universidad de Buenos Aires). 


The actions of stilboestrol (4-4’-dihydroxi- 
diethylstilbene) on heart muscle succinoxidase 
ind DPNH-oxidase systems have been studied 
comparatively. The DPNH-oxidase is far more 
sensitive than the succinoxidase system to stil- 
boestrol which DPNH oxidation at 
10°6 M concentration. The inhibition is not 
reversible and seems to take place between 


cytocromes b and c. Stilboestrol does not affect 


inhibits 


succinic dehydrogenase or cytochrome oxidase 
but prevens the oxidation of exogenous cyto- 
later enzyme. Oxidation of 


BAL 


ch.ome c by the 


succinoxidase by is not affected by stil- 


hoestrol. 


Adaptation of epidemic hemorrhagic 
fever virus. NORMA E. METTLER. (Cate- 
dra de Microbiologia y Parasitologia de 
la Facultad de Ciencias Médicas de Bue- 


nos Ares). 


Adaptation of hemorrhagic epidemic fevei 
virus was obtained by intraamniotic innocu- 
lation of 7 days old chick embryos. In the 
first passage we observed pocks on the C.A.M. 
Further passages on 11 days old chick embryos 
C.A.M. gave typical lesions. 


Action of histaminase (diamino-oxi- 
dase) on the gastric secretion by his- 
tamine in the dog. B. B. Lozzio AND 
M. Royer. (Instituto de Gastroentero- 
logia, Instituto Nacional de la Salud, 
Ramos Mejia, Buenos Aires). 


ACTA PHYSIOLOGICA LATINOAMERICANA 


Intravenous injection of histamine diminish- 
ed markedly the gastric secretion of hydro- 
chloric acid and pepsine produced his- 
tamine. In 8 dogs, 30 yg of histamine per 
Kg of body weight were injected subcuta- 
neously. In 7 dogs 12 yg of histamine per Kg 
of body weight were injected 20 minutes after 
the histaminase. 


Contribution to the study of the 
basal membrane of human seminal 
tubules. M. H. Burcos. (Instituto de 
Histologia y Embyriologia, Facultad 
de Ciencias Médicas, Universidad Na- 
cronal de Cuyo, Mendoza). 
the human testis 

structure 
The 
wall nu- 


basal membrane of 
is formed by an 
embedded in a mucoid 
membrane sends into the 
merous projections. 

It is suggested and discussed the meaning 


The 
elastic lamellar 
material. 

tubular 


basal 


of this projections as a way for cellular fixation 
and metabolic interchange. 

There 
or mioepithelial cells in the basal membrane o1 


was no evidence of smooth muscle 


tunica propia. 


(CORDOBA, ARGENTINA) 
June i1, 1959 


Influence of sexual hormones in the 
concentration of oxytocin in the neuro- 
hypophysis. R. P. Deis. (/nstituto de 
Investigacion Médica “Mercedes y Mar- 
tin Ferreyra”, Casilla de Correo 389, 
Cordoba, Republica Argentina). 


The concentration of oxytocin in the neuro- 
hypophysis in rats and the influence of sexual 
hormones were studied. 

Ihe concentration of the hormone in female 
rats was of 451 + 31 mU and in male rats of 
359 + 16 per 100 g of body weight; the dif- 
ferences between both sexes were statistically 
significant. Castration determined an increase 
in the concentration of the hormone in both 
sexes. The injection of testosterone 500 yg per 
day for 7 days into spayed female rats or the 
injection of Estradiol (50 yg per day for 7 
days) into castrated male rats diminished the 
values to figures similar to those obtained in 
normal animals. 


PROCEEDINGS 


The injection of Progesterone (506 yg per 
day for 7 days) into normal female rats did 
not modify the oxytocin value in the neuro- 
hypophysis. 


Influence of neurohypophyseal hor- 
mones on the water excretion through 
the toad’s kidney. S. TALESNIK AND 
E. Capmourtrres. (/nstituto de Inves- 
tigacion Meédica “Mercedes y Martin 
Ferreyra”, Casilla de Correo 389, Cor- 
doba, Argentina). 


Diuresis and inulin clearance was studied in 
the toad Bufo arenarum Hensel. Injection of 
vasopressin produced a diminution of glome- 
rular filtration rate and increased tubular re- 
absorption of water. A 30 mU dose of oxytocin 
caused an increase in glomerular filtration 
rate and in tubular reabsorption of water. 

The activity of vasopressin in changing renal 
function was 8 times greater than that of 
oxytocin. 

Injection of hypertonic saline solution pro- 
duced a modification of renal function which 
was similar to that produced by vasopressin 
and this action could be abolished by hypo- 
physectomy. The renal response to dehydration 
was not modified by hypophysectomy. 


(BUENOs AIRES, ARGENTINA) 
April 7, 1960 


Erythropoietic activity of urinary 
extract of high altitude residents. J. L. 
Scaro. (Instituto de Biologia de la Al- 
tura, Universidad Nacional de Tucu- 
man, S. 8. de Jujuy, Argentina). 


The urine alcohol extracts of permanent 
residents in Jujuy at 1260 m above sea level, 
does not show erythropoietic activity when 
injected to the rat. 

The urine extracts of new comers at high 
altitude show an erythropoietic activity whose 
value is highly significant 48 hours after arriv- 
ing at 3990 m. 

The weight of the alcohol extract obtained 
from 1000 cm* of urine in the recently arrived 
residents increases proportionally with their 
erythropoietic activity. 


Some histological and histochemical 
modifications of adrenal cortex in rats 
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under intense cold. C. M. GaArripo. 
(Instituto de Biologia y Medicina Expe- 
rimental, Obligado 2490, Buenos Aires). 


The histological and histochemical study of 
adrenals of white rats under the intense action 
of cold showed: 

1) dissappearance of differential zone bet- 
ween the fascicular and reticular layer and 
dilation of sinusoids in the fasciculated zone; 

2) intense depletion of lipids two hours after, 
and almost total depletion in rats dead by the 
intense action of cold; 

3) diminution of ascorbic acid two hours 
after, and almost total disappearance of the 
adrenals in rats dead by the action of cold; 

1) slight modifications in alkaline phospha- 
tase. 


Influence of ph and toxics on im- 
bibition and release of spermatozoa 
in the testicle of the toad. J]. J. As- 
TRADA. (/nstituto de Investigacion Médt- 
ca “Mercedes y Martin Ferreyra”, Ca- 
silla de Correo 389, Cordoba). 


The effect that variations of pH, as well 
as that of toxic drugs known to inhibit en- 
zimatic actions, exert upon imbibition and 
spermatozoa release of toads’ testis in vitro, 
was studied. 

1) When pH ranges above 3 or below 11, 
the process is normal. At pH 3 and II, the 
testis’ habitual release of spermatozoa in hypo- 
tonic medium is inhibited. The phenomenon 
is reversible. When pH is below 3 or above 
11, the testis are damaged. 

2) Potassium cyanide reversibly inhibits the 
releasing process, even though the testis be 
sufficiently stimulated by hydration. 

3) Addition of hypophysis produces hydra- 
tion and spermatozoa release. Sodium chloride 
seems to facilitate the release. 


Salivary glands in hypophysectomized 
dogs. J. J. ARGonz, (Instituto de Biolo- 
gia y Medicina Experimental, Obliga- 
do 2490, Buenos Aires). 


Submaxillary glands of hypophysectomized 
dogs were studied and the results were com- 
pared with those obtained from normal con- 
trols. It was found a diminution of: a) sub- 
maxillary gland weight; b) quantity of salive 
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resulting from timpanic cord electrical stimu- 
lation or pilocarpin; c) diameter of tubules 


and acini. 


Histophysiological observations on 
the reproduction of “ciona intestinalis”. 
R. Narpaitz. (Instituto de Anatomia 
General y Embriologia, Facultad de 
Ciencias Médicas, Buenos Aires). 


The present study was made in order to 
know if auto-sterility and homo-fertility in 
Ciona, can be related to the existence of dif- 
fusible substances in the eggs, which could 
modify the behavior of spermatozoa. 

Our experiments failed to demonstrate the 
presence of these substances, using techniques 
similar to those used by other authors in the 
study of fertilisin in eggs of echinoderms. 

The observation with the phase contrast 
microscope of the behavior of spermatozoa in 
the presence of eggs denudated by various 
procedures shows that the recognition of ga- 
metes occurs after their contact is established. 

In confirmation of Morgan’s works, we ob- 
tained self-fertilization through the use of an 
acid medium. 

The histological study of both gonads sho- 
wed several details of special interest: a) ‘The 
seminiferous tubules are included in the in- 
testinal wall. b) Their organization resembles 
the one of higher vertebrates. c) The follicular 
cells of the eggs seem to derive from connec- 
tive cells surrounding the young oogonia, and 
not from degeneratec ova as has been stated. 
d) The peri-ovular space does not contain mu- 
copolysaccharides, and thus is not equivalent 
to the jelly of echinoderm eggs. ‘The 
electron microscopy of the contact between 
gametes and the biochemical study of lysins 
seem to be the logical steps to follow in the 
study of this problem. 


layer 


May 5, £960 


“In vitro” action of amphotericin B 
on the “Trypanosama cruzi”. H. Apit- 
BOL, R. E. PATTINI AND J. SALVADOR. 
(Catedra de Farmacologia, Departamen- 
to de Fisiologia, Facultad de Ciencias 
Médicas, Universidad Nacional de Cu- 
yo, Mendoza). 


ACTA PHYSIOLOGICA LATINUAMERICANA 


The action of an antibiotic, Amphotericin B 
on Trypanosoma Cruzi has been studied. 

Amphotericin B which is used in the treat- 
ment of “micosis’, is also effective on Trypa- 
nosoma Cruzi (destruction or lisis) in vitro at 
similar doses used by W. Gold et al. 

Effectiveness of the same antibiotic in vivo 
is being presently investigated. 


Action of some synthetic gestagens on 
the evolution of pregnancy in the rat. 
E. Montuort, G. E. Bur Anp A. Ko- 
ROMPAY. (Departamento de Investiga- 
ciones de los Laboratorios Dr. Gador 
y Cia. y Laboratorio de Patologia del 
Hospital Rivadavia, Buenos Aires). 


All the steroids employed, when they are 
administered from the first day, affect the 
development of pregnancy. Testosterone and 
the 19-nortestosterone compounds in doses of 
1 mg inhibit the implantation in 100% of 
the animals, while with progesterone, acetoxy- 
progesterone and its 6-methyl-ester, the num- 
ber of viable animals on term per litter is 
decreased. These three last steroids do not 
affect the development of pregnancy if they 
are administered from the l4th day, the con- 
trary to what occurs with testosterone and the 
19-norderivatives. 


Action of some synthetic gestagens 
on the ova segmentation in the rat. 
G. E. Bur, E. Monruori ANp A. Ko- 
ROMPAY. (Departamento de Investiga- 
ciones de los Laboratorios Dr. Gador 
y Cia. y Laboratorio de Patologia del 
Hospical Rivadavia, Buenos Altres). 


These preliminary studies showed that the 
steroids used exert an action since the earliest 
periods of ovular segmentation. 


Study of radiactive sodium distri- 
bution in the normal rat. S. A. D’Acos- 
tino. (Instituto de Biologia y Medici- 
na Experimental, Obligado 2490 y Co- 
misién Nacional de Energia Atomica, 
Buenos Aires). 


1) The modification of the sodium space in 


function of time was studied. The state of 


— 


PROCEEDINGS 


equilibria was observed at the end of the 
first hour. 

2) The sodium and_ thiocyanate 
relation to weight were studied. Their regres- 


spaces in 


sion coefficients were not statistically different. 


The sodium and thiocyanate spaces measured 
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one hour after the injection were 26.938 + 
0.33 ml/100 g and 35.86 + 
respectively. 

3) The distribution of Na24 in striated mus- 
cle, spleen, liver and kidney in relation to the 
plasma activity was determined. 


1.61 ml/100 g 


2. 
= 
‘ 
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